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SUMMARY AND CONCLUSIONS
Iowa coal users consumed approximately 7.9 
million tons of coal in 1976. Consumption of coal in 
Iowa is expected to climb to about 16.1 million tons 
by 1980.
Only 540,000 tons of Iowa coal were mined in 
1976. Iowa coal production continues to decline in a 
period of increasing demand. Several reasons have 
been advanced to explain this decline:
1. high sulfur content of Iowa coal;
2. stringent environmental standards requiring 
low sulfur emissions;
3. thin Iowa coal seams with thick overburden;
4. small-scale, relatively high-cost mining opera­
tions; and
5. pyrite and other impurities in raw Iowa coal, 
causing high maintenance costs in pulverizing and 
boiler equipment.
The main goal of this study was to evaluate 
alternative Iowa coal transportation and distribu­
tion systems to determine which systems could im­
prove the competitive position of Iowa coal relative 
to out-of-state coal. Possible improvements in coal 
transportation include larger shipments such as 15- 
and 50-car rail shinments, alternative types of 
trucks and truck weight limits, and intermodal com­
binations of rail and truck.
A second possible improvement in the distribu­
tion of Iowa coal is to transship the raw Iowa coal to 
a coal beneficiation plant to remove part of the sul­
fur and other impurities.
A mathematical programming model was used to 
evaluate alternative coal transportation, coal 
beneficiation, and coal handling systems. The objec­
tive of the analysis was to find the minimum-cost 
method of transporting and distributing coal to sup­
ply Iowa’s projected 1980 coal consumption and, at 
the same time, meet the sulfur dioxide emission 
standards and constraints oh Iowa mining capacity. 
The model includes 33 potential origins of coal for 
the identified 46 major coal users in Iowa. The 1980 
projected coal requirements are specified in Btu’s 
rather than tons to account for the differences in 
heating value of coal from different origins. The pro­
jected Btu requirements can be satisfied by obtain­
ing coal directly from seven existing out-of-state coal 
sources or from two existing underground mines in 
Iowa. Coal from 24 potential Iowa strip mine loca­
tions can be used only if it is cleaned at one of eight 
possible coal beneficiation plants. Each coal user can 
blend two or more coals to meet its sulfur dioxide 
emission standard.
The model includes six possible modes of coal 
transport. These include truck, barge, single-car rail, 
15-car rail, 50-car rail, and 100-car unit train.
The model minimizes the delivered cost of coal to 
the user subject to Btu requirements and S 0 2 con­
straints. The delivered cost includes the FOB mine
price of the coal, beneficiation costs if the coal is 
cleaned, all transportation and variable receiving 
costs, and any additional investments in capacity re­
quired to receive larger size rail shipments.
Seven computer solutions obtained in the 
analysis were based on alternative sets of coal 
prices, rail rates, and truck weight limits. An eighth 
computer solution from an unpublished thesis is also 
presented in this study (10). Wyoming, Illinois, and 
western Kentucky coal prices remain at the 1977 
FOB price levels plus estimated mine reclamation 
costs resulting from the Surface Control and 
Reclamation Act of 1977 (33) in all the alternative 
sets of solutions. Iowa underground mine coal is 
priced at 1977 FOB price levels in all solutions.
Four sets of FOB mine prices were developed for 
Iowa strip mine coal. Similar adjustments were 
made to Missouri strip mine coal because of the 
similarity to Iowa mining conditions. The first set 
was based on the estimated cost of opening an Iowa 
mine under typical Iowa mining operations. The 
average FOB Iowa strip mine price under this set 
was $17.33 per ton.
The second set of FOB mine prices was based on 
the estimated cost of opening and operating a high- 
cost mine. The average FOB Iowa strip mine price 
under this set was $20.06 per ton.
The third set of prices was based on a two-tier 
price system in Iowa and Missouri. In the two-tier 
system, existing Iowa mines could produce up to 1.2 
million tons of raw coal per year at 1977 FOB raw 
coal prices averaging $13.48 per ton plus estimated 
reclamation costs and an additional 1.68 million 
tons of raw coal at the average price of $17.33 per 
ton. Missouri miners could produce one million tons 
of cleaned coal at 1977 FOB coal prices plus 
estimated reclamation costs and an additional 1.5 
million tons at the second-tier price level.
The fourth set of prices reflects 1977 FOB raw 
strip mine prices. The average FOB mine price un­
der this set was $13.48 per ton.
Two sets of rail rates were used in the analysis. 
The first set includes the Ex Parte 336 rates in ef­
fect at the time of the analysis. The second set in­
cludes the Ex Parte 336 rail rates plus estimated 
15-, 50-, and 100-car unit train rates for the origins 
and destinations that did not have these rates avail­
able at the time of the analysis.
Estimated truck rates are based on 73,280-pound 
gross weight limits. One computer solution was ob­
tained with estimated truck rates at the 80,000- 
pound weight limit.
Table 1 summarizes the results of the eight com­
puter solutions presented in this study. The major 
findings of the analyses using current Ex Parte 336 
rail rates are as follows:
1. The amount of strip mine coal produced in
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Table 1. Summary of eight computer solutions
Computer solution Tons of raw 
Iowa strip mine 
coal produced
Location of
Iowa strip mine 
price per ton Rail rates plants
I $17.33 Ex Parte 336 1,680,000
Oskaloosa, Tracy
II $17.33 Estimated Multiple-car 840,000
Oskaloosa
III $17.33 Ex Parte 336 and 80,000 — 
Pound Truck Weights
1,680,000 Oskaloosa, Tracy
IV $20.06 Ex Parte 336 600,000
Oskaloosa
V $20.06 Estimated Multiple-car 0
None
VI Two-tier Prices Ex Parte 336 2,360,000
Oskaloosa, Tracy 
Donnelley
VII Two-tier Prices Estimated Multiple-car 1,512,663
Oskaloosa, Donnelley
Vili 1977 FOB 
Mine Prices
Ex Parte 336 3,290,000 Oskaloosa, Durham, 
Donnelley, Bridgeport 
Station
a Iowa underground mines produce 307,290 tons of coal in all solutions.
Iowa by 1980 varied from 600,000 tons to 3,290,000 
tons per year depending upon the assumed level of 
Iowa FOB coal prices.
2. The analysis of Iowa coal mining costs ($17.33 
per ton for typical mining operations) suggests that 
the most likely range of 1980 raw strip mine coal 
production in Iowa—assuming Ex Parte 336 rail 
rates-—would be between 1,680,000 and 2,360,000 
tons of coal per year by 1980. This would make 1980 
Iowa strip mine coal production about 650 to 900 
percent larger than 1975 Iowa strip mine production. 
These levels of strip mine coal production would 
require two and* three coal beneficiation plants, 
respectively.
3. Oskaloosa was selected as a coal beneficiation 
location in all five solutions. Tracy was selected in 
three solutions; Donnelley was selected in two solu­
tions; and Durham and Bridgeport Station were 
selected in one solution. These locational selections 
were based on coal mining at the potential mine 
sites identified in this study. The maximum distance 
that strip mine coal would be trucked to beneficia­
tion plants would be about 25 miles.
4. The cleaned Iowa strip mine coal would be 
sold largely to central and east-central Iowa coal 
users.
5. Potential coal movement from Oskaloosa to 
Des Moines and West Des Moines makes the 
Oskaloosa-Pella rail line a possible candidate for 
right-of-way banking if the rail line is abandoned.
6. The largest market for beneficiated Iowa coal 
is at coal users with the 8-pound per million Btu S 0 2 
emission standard. However, up to about 50 percent 
of the cleaned coal would be consumed by users with 
5- and 6-pound S 0 2 emission standards.
7. Almost all the Iowa coal would be transported 
to the central and east-central Iowa coal users by 
truck. Typically, trucks have a cost advantage over 
single-car rail rates up to approximately 140 miles. 
Beyond that point, single-car rail rates are cheaper
than estimated truck rates.
8. Increasing the truck weight limit to 80,000 
pounds would not increase the level of output of 
Iowa strip mines under the $17.33 average FOB 
mine price. It would, however, reduce the delivered 
cost of the 1980 coal requirements by about $757,000 
per year. Excluding the impact of the heavier 
weights on gravel roads, trucks hauling coal under 
the 80,000-pound weight limit under solution IV 
would cause about $415,417 of Iowa highway main­
tenance and construction costs. An estimated 
$410,557 would be paid in fuel, license, and use tax­
es by these trucks to offset the highway main­
tenance and construction costs.
The major findings of the analysis using the 
estimated multiple-car rail rates are:
1. Reduced transportation rates on multiple-car 
rail shipments would reduce, rather than increase, 
Iowa coal production. The amount of strip mine coal 
produced in Iowa in 1980 varied from zero tons to 
1,512,663 tons in the estimated multiple-car rate 
solutions, depending upon the assumed level of Iowa 
coal prices. The reason for the reduction of Iowa 
strip mine production under the estimated multiple- 
car rates is that the estimated Wyoming and Illinois 
multiple-car rate reductions are much larger than 
the rate reductions for the short hauls from Iowa 
coal beneficiation plants to Iowa users.
2. The estimated multiple-car rates would re­
duce the total cost of supplying the 1980 Iowa coal
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requirements by $6.6 to $9.1 million depending upon 
the assumed level of Iowa coal prices. This creates a 
policy dilemma: Should lower-cost multiple-car and 
unit-train rail rates from out-of-state coal origins be 
discouraged to increase Iowa coal production, or 
should multiple-car and unit-train rail rates be en­
couraged to reduce the total cost of supplying Iowa’s 
coal requirements?
3. The analysis of Iowa coal mining costs suggests 
that the most likely range of 1980 Iowa raw strip 
mine coal production—assuming the estimated 
multiple-car rates—would be between 800,000 and 
1,500,000 tons of coal per year. This would make 1980 
Iowa strip mine coal production about 300 to 580 
percent larger than 1975 Iowa strip mine coal 
production. These levels of output would require one 
and two coal beneficiation plants, respectively.
4. Oskaloosa was selected as the optimal location 
of a coal beneficiation plant in two solutions, and 
Donnelley was selected in one solution. The max­
imum distance that strip mine coal would be 
trucked to beneficiation plants would be about 25 
miles.
5. Iowa strip mine production would expand 
beyond the 1976 production level under all solutions
except the multiple-car rate solution with an 
average Iowa FOB strip mine price of $20.06. If the 
Iowa coal industry can produce strip mine coal for 
around $17.33 per ton, and if coal users do not begin 
to jointly obtain large volumes of Wyoming coal at 
low FOB prices shipped in unit trains, up to two coal 
beneficiation plants will significantly increase Iowa 
strip mine coal production.
The conclusions of this analysis probably would be 
somewhat different if:
1. further drillings for coal deposits indicate 
relatively large deposits of coal in areas contiguous to 
the Iowa townships with the coal deposits included in 
this analysis,
2. the impact of the ash content of Iowa coal on 
existing and planned coal-fired boilers of coal users in 
Iowa were considered,
3. the feasibility of blending raw Iowa coal with 
low-sulfur Wyoming coal transported by 100-car unit 
trains at central blending sites were examined, or
4. cooperative buying by Iowa coal users to obtain 
lower FOB mine prices and unit-train rates were 
considered.
Additional research should incorporate these issues 
into the analysis.
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Economics of Alternative Coal Transportation 
and Distribution Systems in Iowa1
by C. Phillip Baumel, Thomas P. Drinka, and John J. Miller2
Iowa coal users consumed approximately 7.9 
million tons of coal in 1976. Yet, only 540,000 tons, 
or 6.9 percent, of the coal used in Iowa was mined in 
Iowa (table 2). Wyoming and Illinois mines supplied 
76.9 percent of the coal consumption in Iowa in 
1976. Other important out-of-state sources of coal 
consumed in Iowa were Missouri and western Ken­
tucky.
Coal consumption in Iowa is expected to increase 
dramatically in the next 5 years, and large quan­
tities of coal exist in Iowa.
A number of reasons have been advanced to ex­
plain why the coal mining industry in Iowa con­
tinues to decline in a period of increasing demand. 
These reasons include:
1. high sulfur content of Iowa coal,
2. stringent environmental standards requiring 
low sulfur emissions,
3. thin Iowa coal seams located deep under­
ground,
4. small-scale and relatively high-cost Iowa min­
ing operations, and
5. pyrite and other impurities in raw Iowa coal, 
causing high maintenance costs in pulverizing and 
boiler equipment.
One method of improving the competitive posi­
tion of Iowa coal may be to reduce the content of sul­
fur and other impurities. An experimental coal 
beneficiation plant operated by Iowa State Univer­
sity has shown that the sulfur content of Iowa coal 
can be reducéd on the average about 35 percent (13). 
Coal beneficiation is a mechanical process in which 
crushed coal is passed through water, and the sulfur 
separated out by the difference in specific gravity 
between coal and sulfur. If coal beneficiation will 
improve the competitive market position of Iowa 
coal, the optimal number and location of beneficia­
tion plants must be determined.
Another alternative for improving the com­
petitive position of Iowa coal is to reduce the cost of 
transporting coal from Iowa mines or beneficiation 
plants to coal users. Possible improvements in coal 
transportation include larger size rail shipments 
such as 15- and 50- car units, alternative types of 
trucks and weight limits, and intermodal truck-rail
1 Project 2156 of the Iowa Agriculture and Home Economics Ex­
periment Station.
2 Respectively: Professor of Economics. Postdoctoral Research As­
sociate, and Predoctoral Rèsearch Associate. Iowa State Univer­
sity. Ames.
combinations. The cost of moving Iowa coal to 
market under these systems can be compared with 
the cost of transporting coal to Iowa from other 
regions.
The basic objective of this study is to evaluate 
the economics of alternative coal transportation and 
distribution systems in Iowa. The specific objectives 
are to:
1. estimate the 1980 consumption of coal by ma­
jor individual Iowa coal users,
2. identify potential quantities and qualities of 
coal reserves in a selected Iowa coal-producing area,
3. estimate investment and operating costs of 
coal beneficiation plants,
4. collect rail and barge rates to each major coal 
user in Iowa from major coal supply origins,
5. estimate the costs of transporting coal by rail, 
barge, and truck for shipment sizes for which rates 
are not available,
6. estimate the cost of expanding coal-receiving 
capacities to receive multiple-car rail shipments at 
major coal user plants in Iowa,
7. collect FOB coal prices at Iowa mines and at 
selected out-of-state origins that suppty coal to Iowa 
users,
8. approximate future Iowa coal prices by 
estimating the cost of mining Iowa coal,
9. collect data on existing sulfur emission stan­
dards for each major coal user in Iowa, and
Table 2. Quantity of coal shipped to Iowa by 
origin state in tons, 1976
Origin Tons Percent
Wyoming, Idaho 3,227,000 40.9
Illinois 2,839,000 36.0
Iowa 540,000 6.9
Missouri, Kansasj Texas, Oklahoma 4 85 ,'000 6.1
Western Kentucky 215,000 2.7
Appalachia 26,000 0.3
All others 562,000 7.1
Total 7,894,000 100.0
Source: Bureau of Mines, Bituminous Coal and Lignite
Distribution, Calendar Year 1976, U.S. Department
of the Interior, Washington, D.C., 1977 (35)
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10. estimate the amount of coal that would be 
purchased from each major coal supply area by each 
major coal user in Iowa, the modes of transportation 
that would be used to haul the coal from each origin 
to each destination, and the optimal number of coal 
beneficiation plants in Iowa under alternative 
transport rates and FOB coal prices.
REVIEW OF LITERATURE
Most of the recent studies of the coal industry 
have focused on specific problems such as 
transportation, sulfur removal, or mining. Few 
economic studies have attempted to evaluate 
simultaneously the impacts of several variables on 
future directions of the coal industry. Henderson 
(14) used a linear programming model to minimize 
the total costs of the production, delivery, and 
utilization of steam electric coal in the United 
States subject to specified system constraints. 
Similar analyses were made by Nagarvala, Ferrell, 
and Oliver (26) and by Le Blanc (21).
In the most recent analysis, conducted by Libbin 
and Boehlje (24), a multiperiod spatial equilibrium 
model of the national coal economy was used to 
evaluate future interregional shifts in coal produc­
tion. The analysis examined the effects of 
alternative sulfur dioxide emission standards and 
projected growth in demand on the type and location 
of coal production, the transportation industry, and 
capital markets. It was concluded that the coal in­
dustry can expand through 1990 (especially in Ap­
palachia and the West) to meet increased demand 
and restrictive air-quality standards at moderate 
cost increases.
METHOD OF ANALYSIS
A mixed-integer, linear programming model is 
specified to evaluate the feasibility of mining and 
beneficiating Iowa coal for use by Iowa utility and 
industrial coal users under alternative combinations 
of price levels of Iowa and Missouri coal and rail 
rates. The mixed-integer, linear programming model 
is used to select from eight possible beneficiation 
plant site locations the least-cost number and loca­
tion of plants. In addition, the model evaluates the 
alternative of incurring the additional fixed costs to 
expand each coal users rail receiving capacity to ac­
commodate the next larger rail shipment size. The 
objective of the analysis is to find the least costly 
method of supplying Iowa’s coal needs, subject to 
constraints on mining capacity, receiving capacity of 
users, beneficiation plant capacity, sulfur dioxide 
emission standards, and projected 1980 coal con­
sumption in Iowa.
The model includes 33 potential sources of coal 
for the 46 major coal users in Iowa. The projected
1980 coal consumption by each user is specified in 
heating units, rather than tons, to account for dif­
ferences in the heating value of coal from different 
sources. User Btu requirements can be satisfied by 
obtaining coal directly from the two existing Iowa 
deep mines or from the seven sources of non-Iowa 
coal. Coal from the 24 potential strip mine locations 
in Iowa can be used only if it is beneficiated at one 
of eight possible beneficiation plant sites.
In addition to meeting its projected 1980 Btu re­
quirement, each user must satisfy an aggregate 
limit on sulfur dioxide emissions. Each user, 
however, can blend coal from two or more sources to 
meet its emission standard.
The annual supply of coal at the Iowa and Mis­
souri sources is limited by assumed mining 
capacities, estimated coal reserves, and the expected 
availability of equipment needed to open new mines. 
Because Iowa consumes only a small percentage of 
the total production of the six remaining out-of-state 
coal origins, the supply capacity of these six sources 
is not constrained in the model.
The model includes six possible modes of 
transport from sources to users in eight alternative 
computer solutions. The possible modes are barge, 
truck, single-car rail, 15-car rail, 50-car rail, and 
100-car unit train. Each user has the option of re­
ceiving coal by the least costly mode or combination 
of modes, subject to its existing barge and rail re­
ceiving capacity. All users are given access to 
estimated truck rates from the alternative sources of 
coal. Barge transportation is available only to users 
with existing barge receiving capabilities. Each user 
is restricted to its existing rail receiving capacity, 
unless it incurs an additional annual fixed cost for 
expanding to the next larger rail receiving capacity.
The four possible modes of transport from Iowa 
coal beneficiation plants to users included in the 
model are truck, single-car rail, 15-car rail, and 50- 
car rail. Each user has the option of receiving coal 
by its least costly mode subject to its existing rail re­
ceiving capacity. The delivered cost of beneficiated 
Iowa coal includes (a) the FOB mine price of raw 
coal, (b) the total annual cost of constructing a 
beneficiation plant, (c) variable operating and main­
tenance costs of beneficiating the coal, (d) the cost of 
transporting raw Iowa coal from the mine to the 
beneficiation plant, (e) the cost of transporting the 
refuse and fines from the beneficiation plant back to 
the mine, and (f) the cost of transporting the cleaned 
coal from the beneficiation plant to the user loca­
tion.
The model uses both continuous variables—for 
the mining, transportation, and beneficiation ac­
tivities—and zero-one integer variables—for the 
construction of beneficiation plants and the ex­
pansion of rail receiving capacity at users. The 
mathematical specifications of this model are pre­
sented in Appendix G.
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Table 3. Names and locations of coal users included in this analysis, Iowa—
Location Name
Ames
Ames
Bettendorf
Bettendorf
Boone
Bridgeport Station
Buffalo
Burlington
Cedar Falls
Cedar Falls
Cedar Rapids
Cedar Rapids
Cedar Rapids
Chillicothe
Clinton
Clinton
Clinton
Council Bluffs
Davenport
Davenport
Davenport
Des Moines
Dubuque
Dubuque
Dubuque
Humboldt
Iowa City
Iowa Falls
Keokuk
Lansing
Marshalltown
Mason City
Mason City
Middletown
Montpelier
Muscatine
Muscatine
Pella
Sergeant Bluff
Spencer
Spencer
Waterloo
Waterloo
Waterloo
West Des Moines
West Des Moines
Ames Municipal Electric System 
Iowa State University 
Iowa-Illinois Gas & Electric Company 
J. I. Case, Co.
Iowa Electric Light & Power Company 
Iowa Southern Utilities Company 
Martin Marietta Cement, Midwest Div.
Iowa Southern Utilities Company 
Cedar Falls Utilities 
University of Northern Iowa
Iowa Electric Light & Power Company, Prairie Creek Station
Iowa Electric Light & Power Company, 6th Street Station
Wilson Foods Corporation
Iowa Southern Utilities Company
Clinton Corn Processing Co.
E. I. DuPont de Nemours & Co.
Interstate Power Company 
Iowa Power & Light Company 
Linwood Stone Products Co., Inc.
Oscar Mayer & Company
Ralston Purina Company
Iowa Power & Light Company
The Celotex Corporation
Interstate Power Company
John Deere Dubuque Tractor Works
Corn Belt Power Cooperative
University of Iowa
Iowa Electric Light & Power Co.
The Hubinger Company
Interstate Power Company
Iowa Electric Light & Power Company
Lehigh Portland Cement Company
Northwestern States Portland Cement Company
Iowa Army Ammunition Plant
Eastern Iowa Light & Power Co-operative
Grain Processing Corporation
Muscatine Power & Water
Pella Municipal Light Plant
Iowa Public Service Company
Corn Belt Power Cooperative
Spencer Municipal Utilities
Iowa Public Service Company
John Deere Waterloo Tractor Works
The Rath Packing Company
Marquette Cement Manufacturing Company
Penn-Dixie Cement Corporation
Source: Iowa Department of Environmental Quality.
— Small coal users omitted from this analysis include Foote Mineral Company at Keokuk, 
Midwest Carbide Corp. at Keokuk, Frank Foundries Corp. at Davenport, and Mt. Pleasant 
Light and Water Utility at Mt. Pleasant.
Sulfur Dioxide Emission StandardsTH E DATA
Five types of data are required for this analysis. 
These include:
1. coal user locations and projected coal con­
sumption and sulfur dioxide emission standards,
2. coal origins and the quality, quantity, and 
price of the coal,
3. coal tranportation rates by mode and size of 
shipment,
4. coal beneficiation costs, and
5. coal handling costs by mode and size of ship­
ment.
Projected Coal Consumption 
and Coal-User Locations
Data on 1975 and expected 1980 coal consump­
tion by major Iowa coal-using organizations were ob­
tained by a mail questionnaire. The questionnaire 
was sent to electric utilities and industrial firms 
with 1973 coal consumption exceeding 1,000 tons. 
Firms that did not respond to the mail questionnaire 
were contacted by telephone. Table 3 presents the 
names of the coal users included in the analysis.
The total 1975 coal consumption reported by 
these firms along with projections to 1980 are pre­
sented in table 4. The reported consumption of 
6,339,264 tons in 1975 represents 94 percent of the 
6,741,000 tons of coal estimated by the Bureau of 
Mines to have been shipped to coal users in Iowa in 
1975 (34). The reported consumption from the ques­
tionnaire is lower than the Bureau of Mines 
estimate for two reasons. First, retail firms or firms 
using less than 1,000 tons per year were not sent 
questionnaires; second, the Bureau of Mines data 
represent coal shipped to users by producers, sales 
agents, distributors, wholesalers, and Great Lakes 
and tidewater commercial dock operators during 
1975, but not necessarily Consumed until 1976. The 
data from the questionnaire were for 1975 coal con­
sumption.
The amount of coal expected to be consumed in 
1980 by the utility and industrial organizations is 
16,132,492 tons, or 255 percent more coal than the 
reported 1975 consumption.
Table 4. Reported tons of coal consumed in 1975 and 
projections to 1980 by type of user, Iowa
Type of user
Year
1975 1980
Electric utility 4,997,157 13,751,172
Industrial 1,342,107 2,381,320
Total 6,339,264 16,132,492
Source: Questionnaire.
At present, local and state governments can 
adopt more rigorous sulfur dioxide emission stan­
dards than current federal standards. Thus, the most 
stringent of the existing county, state, or federal 
emission standards is the applicable emission stan­
dard. Currently, Linn County and Polk County have 
more rigorous emission standards for boilers con­
structed before Jan. 1, 1971, than either state or 
federal standards. Table 5 presents the applicable 
sulfur dioxide emission standards as of July 1, 1977, 
and the standards used in this analysis.
Several utilities use two or more boilers of dif­
ferent ages and sizes. Data on the age and size of 
each boiler were not available for this analysis. Data 
were obtained, however, from three utilities that 
have made substantial additions to their generating 
capacities on the proportion of 1980 projected coal 
consumption that would be subject to the 1.2-pound 
emission standard. A weighted average sulfur diox­
ide emission standard was computed for each of 
these three utilities. The appropriate standard 
specified in table 5 was applied to all other users.
Location, Quantity, and Quality 
of Iowa Coal Reserves
Using overlay maps identifying coal-bearing and 
potential coal-bearing strata and the thickness of 
unconsolidated material overburden in an 11-county 
area in southeastern Iowa, geologists have identified 
areas with potential coal-bearing strata accessible to 
strip mining techniques (22). By using this com­
posite, an area of approximately 3¥2 counties was de­
lineated as the principal source of Iowa coal. Map 1 
outlines the area in Iowa with coal deposits, the area 
with strippable reserves, and the 3M>-county study 
area. The analysis was restricted to this area 
because of data availability and because the com­
posite maps indicated this area as the principal 
source of Iowa coal. If a larger area had been in­
cluded in the study, the results might have indicated 
greater strip mining potential in Iowa.
Unpublished data from the Iowa Geological 
Survey were used to estimate available strippable 
coal reserves in the 3V2-county area (2). Available 
strippable reserves are defined as that portion of the 
coal-bearing strata in a township—delineated by 
township and range coordinates—with less than 50 
feet of unconsolidated overburden material, cor­
rected for previous mining and for strip mining effi­
ciency, that does not lie under towns, waterways, 
reservoirs, roads, and flat land. The procedure for 
estimating the available strippable reserves is pre­
sented in Appendix A.
The data from the Iowa Geological Survey also 
include estimates of Btu and sulfur content by
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Table 5. Applicable sulfur dioxide emission standards and standards used in this analysis in pounds of 
sulfur dioxide per million Btu by county and by age and size of boiler, Iowa, July 1, 1977.
Pounds of SO2  per
million Btu
Current Standard used
Age of boiler Size of boiler County standard in this analysis
Boilers built after
August 17, 1971
>250,000,000 Btu per hour All counties 1.2 1.2
<250,000,000 Btu per hour All counties 6.0 6.0
Boilers built before
August 17, 1971
All sizes Polk 5* V d
5.0
All sizes Linn 5.0 ,d 5.0
All sizes Dubuque 6.0C 6.0
All sizes Jackson 6.0C 6.0
All sizes Clinton 6.0C 6.0
All sizes Scott 6.0C 6.0
All sizes Muscatine 6.0C 6.0
All sizes Louisa 6.0C 6.0
All sizes Des Moines 6.0C 6.0
All sizes Lee 6.0C 6.0
All sizes Black Hawk 6.0C 6.0
>.500,000,000 Btu per hour All other counties 8.0C 8.0
<500,000,000 Btu per hour All other counties 12.0C 8.0
Source of standard
Unless otherwise specified, Iowa Administrative Code, Section 400-4.3(3)a (1-4) .
Des Moines, Iowa, effective July 19, 1976 (32).
kpolk County Local Board of Health, Rules and Regulations, Chapter 5, Air Pollution Control, Article 9, 
Division 2, Section 5-27(a), Des Moines, Iowa, effective November 3, 1972 (28). 
cNot approved as part of the Iowa State Implementation Plan. 
dLinn County Regulation Number 1-72, Air Pollution, Cedar Rapids, Iowa, effective January 1, 1975 (25).
township and range coordinates (2). These estimates 
are based on core and channel face samples obtained 
on a county-quadrant basis.
The location and estimated quantity of obtain­
able strippable coal reserves, and the sulfur and Btu 
content of the coals in the study area, are presented 
in Map 2. Each township with available strippable 
reserves of 1,200,000 tons or more is assumed capa­
ble of supporting up to two mines producing a total 
of 120,000 tons per year. Townships included in this 
analysis with, less than 1,200,000 tons of available 
strippable reserve were assumed to have the poten­
tial of two mines, each producing 5 percent of the re­
serves annually. Drilling experience at the time of 
this analysis indicated that the coal bodies in the 
3V2-county area are in discontinuous, channel-like 
deposits. This suggested that the average number of 
mines would be about two per township (23).
Diagonally marked townships were excluded 
from consideration in this study for the following 
reasons: (a) a high percentage of exposed Mississip- 
pian (non-coal-bearing) strata, (b) obtainable strip
mine reserves of less than one million tons, or (c) 
nonavailability of topographical survey maps.
The potential mine sites used in this analysis 
also were obtained from the composite map of coal­
bearing strata and unconsolidated material over­
burden. The north-south, east-west center of the ir­
regularly shaped eligible area was pinpointed by us­
ing a grid overlay. The center was then shifted to 
recognize the existence of cities, reservoirs, flat land, 
and rivers. All potential strip mines were located at 
the approximate center of the available strippable 
reserves in each township. Map 3 presents the loca­
tions of the potential strip mine sites in the 
townships considered in this analysis.
FOB Mine Coal Prices
To minimize the cost of supplying Iowa’s 1980 
coal requirements, the model selects the sources of 
coal and modes of transport that minimize the com­
bined FOB mine coal prices, transportation, and 
handling costs subject to meeting the sulfur dioxide
11
MAP 1. The selected Iowa coal-producing area.
R21W R20W R19W R18W R17W R16W R15W R14W
MAP 2. Estimated obtainable strippable coal reserves, percent sulfur, and Btu content per pound of coal located in selected 
townships of V /i counties in Iowa, 1977.
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MAP 3. Locations of existing and potential strip mines and of existing underground mines in the 31/2-county study area.
emission standard and Btu requirements of each 
user. Therefore, it was necessary to obtain FOB 
prices of coal at mines that potentially could supply 
significant amounts of coal to Iowa users in 1980. 
The initial basis for selecting potential supply areas 
to be included in this analysis was the set of sources 
of coal consumed in Iowa in 1976. In addition, ex­
ecutives of utility companies and coal brokers were 
interviewed to obtain suggestions of specific mining 
areas from which to collect coal prices. On the basis 
of suggestions from the interviews and data in table 
2 on 1976 origins of coal used in Iowa, the following 
out-of-state supply origins were selected to be in­
cluded in this analysis: Gillette, Wyoming; Sheridan 
Wyoming; Sparta, Illinois; Canton, Illinois; West 
Harrisburg, Illinois; Nortonville, Kentucky; and 
Unionville, Missouri.
FOB coal prices for these mining areas were ob­
tained from bonded coal bids submitted from 
mid-1976 to early 1977 to Iowa State University, the 
University of Iowa, and the Ames Municipal Power 
Plant. The requests for bids from these organizations 
called for bids on 62,500 to 100,000 tons of coal. The 
university requests for bids were for 1-year con­
tracts, and the municipal request was for a 5-year 
contract.
These bid prices were then checked for reason­
ableness with an advisory committee of utility ex­
ecutives and coal brokers. The advisory committee 
suggested that, to approximate other recent bids 
from the selected origins, the bid from Nortonville, 
Kentucky, should be set at $21.50 per ton (table 6).
No bids were available from Gillette, Wyoming.
The advisory committee indicated that Gillette 
mines basically serve large coal users. They in­
dicated that FOB bids from Gillette, Wyoming,
Table 6. FOB coal prices j 
1977. '
Ln dollars per ton and Btu and sulfur content by origin,
Origin
Required
annual
tons
Price 
per ton
Btu per 
pound
Percent
sulfur
Sheridan, Wyoming - $12.50a 9,300 0.70
Gillette, Wyoming 500,000-1,500,000 7.50b 8,100 0.48
500,000-1,500,000 7.00b,c 8,100 0.48
> 1,500,000 6.25b*d 8,100 0.48
Canton, Illinois - 2A.003 11,000 3.25
Sparta, Illinois - 21.50a,b 11,400 2.90
West Harrisburg, Illinois - 22.65a 12,455 1.97
Nortonville, Kentucky - 21.50a,b 11,400 2.50
Unionville, Missouri - 17.65a,e
10,500 2.62
Iowa Mines
Lovilla #4 - 15.01a,b 9,772 3.04
Big Ben - 12.43f 9,628 5.32
Otley 1 13.48f 8,929 6.26
Sutton - 12.67f 9,360 4.00
Star •- 11.08f 10,338 7.65
Mich - 12.15b 9,387 5.81
ICO - 15.65b 9,676 3.82
aSource: bonded coal bids from Iowa State University and the University of Iowa. 
^Source: discussions with utility and coal brokerage firm executives.
Shipments in 50- or 100-car trains.
^Shipments in 100-car trains.
Cleaned coal.
Source: unpublished report, Pella Municipal Light and Power, Pella, Iowa, 
February 1977.
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typically start at approximately $7.50 per ton for a 
minimum volume of 500,000 tons per year, with 
lower prices for larger volume and unit-train ship­
ments.
Data on prices paid to Iowa mines were obtained 
on coal delivered to the Pella Municipal Light and 
Power Plant and to the Ames Municipal Power 
Plant. Estimated transportation costs were sub­
tracted from the delivered prices to approximate 
FOB prices at Iowa mines. Table 6 presents the FOB 
bid prices and the Btu and sulfur content of coal 
from each of the selected origins.
The estimated 1977 FOB Iowa strip mine prices 
at all underground and potential strip mine sites 
were estimated by applying the following equation 
(4, 26)
[1] P =  aS^ 
where
P =  estimated price,
S =  sulfur content in percent of weight,
a =  constant, and
¡3 = regression coefficient
to the price and sulfur data for Iowa coal to estimate 
the following price-sulfur relationship for Iowa coal:
[21 P =  $21.12S °29, R2 =  0.63.
Price was assumed to be a function of sulfur because 
of the additional costs of burning higher sulfur coals. 
These costs are incurred for emission control, for 
crushing the higher pyrite content, and for blending 
the high-sulfur coal with low-sulfur coal. Thus, price 
discounts would likely be required to induce users to 
bum higher sulfur coal.
The 1977 FOB prices in table 6 do not reflect addi­
tional mining costs resulting from The Surface Min­
ing Control and Reclamation Act of 1977 (33). Table 7 
presents the estimated additional mining costs by 
state resulting from the Act. The estimated reclama­
tion costs were obtained from coal industry 
representatives. The coal industry advisory commit­
tee, formed to advise the researchers in this study, in­
dicated that there was a lack of sufficient experience 
to determine the absolute level of reclamation costs 
resulting from the Act. They did, however, agree that 
the relative levels of the estimated reclamation costs 
in table 7 were approximately correct. These reclama­
tion costs were added to the estimated 1977 FOB 
prices, and the adjusted prices are presented in the 
"Estimated 1977 FOB, prices plus reclamation costs” 
column in table 8. Because Missouri coal prices are 
for cleaned coal, the reclamation cost of $1.93 per ton 
was divided by the percentage yield of clean coal 
before adding the reclamation cost to the 1977 FOB 
price. No reclamation adjustment was added to un­
derground mine Iowa coal.
The coal industry advisory committee suggested 
that 1977 FOB prices of Iowa coal would not allow for 
the recovery of the total cost of opening and operating 
new mines and would not encourage expansion of
Table 7. Estimated reclamation costs resulting from the Surface Mining
Control and Reclamation Act of 1977 by state in dollars per ton 
of raw coal•
Origin
Estimated 
strip mine 
reclamation 
cost per ton
Percent of
total coal production 
that is strip mined
Weighted 
reclamation^ 
cost per ton
Wyoming $0.15C 98.2 $0.15
Illinois 1.50C 46.3 0.70
Western Kentucky 1.50C 55.0 0.83
Iowa 1.93d - 1.93*
Missouri 1.93d 100.0 1.93
Source: aBureau of Mines, Coal— Bituminous and Lignite in 1975, U.S. Depart­
ment of the Interior, Washington, D.C., February 10, 1977 (36).
Estimated reclamation cost weighted by the percentage of coal 
production that is strip mined.
cMining industry executives.
^Estimated in Appendix B.
eApplied only to potential strip mine coal.
Iowa coal mining. They further suggested that this 
analysis should consider higher FOB prices for Iowa 
coal relative to other out-of-state coals. Therefore, two 
alternative sets of FOB mine prices were developed. 
These prices are based on the estimated 1977 costs of 
opening, operating, and reclaiming a 70,000-ton-per- 
year strip mine with an average 50-foot highwall 
and coal seams averaging 30 inches thick. The pro­
cedure for developing the mining cost estimates is 
presented in Appendix B.
The first additional set of prices— "FOB prices 
based on average Iowa mining costs” in table 
8—represents the estimated cost of opening, operat­
ing, and reclaiming a strip mine under "typical” Iowa 
mining operations. The average mining cost per ton 
of coal including reclamation costs under these as­
sumptions was estimated to be $17.33 (Appendix B) 
per ton. These higher prices also were applied to Mis­
souri strip mine coal, because northern Missouri coal 
characteristics are similar to Iowa coal. The following 
procedure was used to incorporate the higher mining 
costs into the estimated FOB mine prices at Iowa un­
derground mines and at all potential Iowa strip mine 
sites. The estimated average 1977 FOB Iowa strip 
mine price of $13.48 per ton was subtracted from the 
estimated average mining cost of $17.33; the dif­
ference, $3.85 per ton, reflects the estimated addi­
tional strip mine FOB price, including estimated 
reclamation cost, required to allow for the recovery of 
mine construction costs if the industry were to ex­
pand. This difference was added to the Iowa strip 
mine prices obtained from equation [2] to estimate 
the FOB Iowa strip mine prices at all potential mine 
sites. These estimated prices are presented in the 
"FOB prices based on average Iowa mining costs” col­
umn in table 8.
Since the scale of operations in Missouri mines is 
larger than that of Iowa mines, an estimated cost sav­
ing of $1.00 per ton was subtracted from the $3.85 
price adjustment applied to Iowa coal. The Missouri
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Table 8. Estimated FOB mine coal prices based on coal bids and on estimated Iowa mining and reclamation costs, 
by coal origin in dollars per ton, 1977.
Origin
Required
annual
tons
Percent
sulfur
content
Estimated 1977 
FOB prices plus 
reclamation costs
FOB prices 
based on 
average Iowa 
mining costs
FOB prices 
based on high 
Iowa mining 
costs
Sheridan, Wyoming _ 0.70 $12.65 $12.65 $12.65
Gillette, Wyoming 500,000-1,500,000 0.48 7.65 7.65 7.65
500,000-1,500,000® 0.48 7.15 7.15 7.15
>l,500,000b 0.48 6.40 6.40 6.40
Canton, Illinois - 3.25 24.70 24.70 24.70
Sparta, Illinois - 2.90 22.20 22.20 22.20
West Harrisburg, Illinois - 1.97 23.35 23.35 23.35
Nortonville, Kentucky - 2.50 22.33 22.33 22.33
Unionville, Missouri - 2.62 20.16 21.35 24.90
Iowa Underground Mines
Lovilla #4 -
2*75d 15.72 15.72 15.72Big Ben - 4.60d 13.53 13.53 13.53
Iowa Strip Mines
Group I - 5.25 14.95 16.87 19.60
Group II - 5.33 14.89 16.81 19.54
Group III - 5.83 14.55 16.47 19.20
Group IV - 5.60 14.70 16.62 19.35
Group V - 3.24 16.91 18.83 21.56
Group VI - 3.11 17.09 19.01 21.74
Group VII - 5.49 14.78 16.70 19.43
Group VIII “ 4.27 15.75 17.67 20.40
k Shipments in 50- or 100-car trains.
Shipments in 100-car trains.
^ Cleaned coal.
Based on channel faced samples, which indicated 9,600 and 10,225 Btu per pound for Lovilla #4 and 
Big Ben coal, respectively.
Groups refer to coals of identical qualities in Map 2.
price adjustment was then converted to clean coal by 
dividing it by 0.77; this result was then added to the 
Missouri price from table 6. The prices for Wyoming, 
Illinois, and Kentucky coals in this column are iden­
tical with those in the "Estimated 1977 FOB prices 
plus reclamation costs” column.
The second set of additional coal prices—"FOB 
prices based on high Iowa mining costs”—was based 
on the investment and operating costs incurred by a 
recently opened strip mine. This mine has a 50-foot 
highwall and 30-inch coal seams. The cost of open­
ing, operating, and reclaiming this mine was 
estimated to be $20.06 per ton. The estimated 
average 1977 FOB Iowa strip mine price per ton of 
$13.48 was subtracted from the estimated mining 
cost of $20.06; the difference, $6.58, reflects the 
estimated additional strip mine FOB price, includ­
ing estimated reclamation cost, required to allow for 
the recovery of mine construction costs if the in­
dustry were to expand. This difference was added to 
the Iowa strip mine prices obtained from equation 
[2] to estimate the FOB Iowa strip mine prices at all 
potential mine sites. These estimated prices are pre­
sented in the "FOB prices based on high Iowa min­
ing costs” column of table 8.
Since the scale of operations at Missouri mines is 
larger than that in Iowa, an estimated cost saving of
$1.00 per ton was subtracted from the $6.58 Iowa 
price adjustment. The Missouri price adjustment 
was then converted to clean coal by dividing it by
0.77; this result was then added to the Missouri 
price from table 6. The prices for Wyoming, Illinois, 
and Kentucky coals again remain unchanged.
The three sets of estimated FOB strip mine 
prices for each geographic township in the SV2- 
county study area are presented in Map 4.
Rail Rates
Two sets of rail rates were used in this analysis. 
The first set—referred to as the Ex Parte 336 rail 
rates—includes the actual rates on which coal 
moved from each out-of-state coal origin selected in 
this analysis to each Iowa coal user during the 
period from Jan. 7, 1977, to Nov. 30, 1977. An Ex 
Parte number is the identification assigned by the 
Interstate Commerce Commission to an application 
from railroad companies for ICC approval of a 
change in the level of rail rates. If the application is 
approved, the resulting rate levels are identified by 
the assigned Ex Parte number. Ex Parte 336 rail 
rates were effective during the period this report 
was prepared. These rates were primarily for single­
car shipments. Only a few coal users currently have
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MAP 4. Estimated FOB prices of raw Iowa strip mine coal by geographic township in dollars per ton.
access to 15-, 50-, or 100-car rail rates from the ma­
jor coal origins selected in this study. The rail rates 
were obtained from the railroad companies serving 
each destination.
The second set of rates is referred to as the 
"Estimated multiple-car rates.” This set of rates in­
cludes all Ex Parte 336 rates available to Iowa coal 
users. In addition, estimated 15-car, 50-car, or 100- 
car rates for those origins and destinations for which 
15-, 50-, or 100-car rates do not exist were included 
in the estimated multiple-car rates. Thus, this set of 
rates is a complete set of published or estimated 
single-, 15-, 50-, and 100-car rates from each origin 
to each destination. The following equation com­
bined with the methodology presented in Appendix 
D was used to estimate the multiple-car rates:
[3] MCR *L 1 sm*
JL
m
i  (XP^XVC^J-llVC^J
where
MCR =  estimated multiple-car rate in dollars 
per ton,
XP336 =  estimated variable rail cost in dollars 
per ton,
s =  number of cars per shipment (1, 15, 50,
100),
m = movements for which rail rates are 
published; m =  1,..., i, and 
m* =  movements for which rail rates are not 
published; m* =  i +  1,..., j.
The equation converts estimated variable rail cost, 
for a given size of rail shipment for a rail movement 
that currently has no published rate, to an 
estimated rail rate. The estimated rate is obtained 
by multiplying the estimated variable cost by a ratio 
consisting of published Ex Parte 336 rates of the 
same size shipment, but for movements that cur­
rently have published rates, divided by the 
estimated variable costs of those movements that 
currently have published rates. The procedure for 
estimating variable rail costs is presented in Appen­
dix D.
Table 9 presents the published Ex Parte 336 and 
estimated single-car rail rates from each major out- 
of-state coal origin and from three Iowa origins to 
Iowa coal users. Single-car rates from Wyoming to 
Iowa destinations range from $13.30 to $20.09 per 
ton. Rates from Illinois range from $4.84 to $12.76
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Table 9. Published and estimated rates for single-car coal shipments by rail to selected Iowa destinations at
Ex Parte 336 rate levels and estimated rates at mid-1977 price levels in dollars per ton.
Origin
Sheridan
Wyoming
, Gillette, 
Wyoming
Canton,
Illinois
Sparta,
Illinois
West Harrisburg, 
Illinois
Nortonville, 
Kentucky
Unionvillg,^ 
Missouri ’
Oskaloosa,
Iowa3
Tracy,
Iowa3
Donnelley,
Iowa3
$17.00? $15.84? $10.77j U $11.83? $11.74® $12.86? $8.90 $7.05 $6.87 $6.65
15.058 15.056 11.56 12.52 12.76Lh 13.52 9.49 7.68 7.39 7.27
Council Bluffs 14.46c 13.30e 10.68*1 11.45? 11.74* 12.49. 8.96 6.97 6.87 7.05
Mason City 16.58s 16.58s 8.37* 9.73 9-97h 10.69*
8.62 6.12 6.59 6.24
Humboldt 16.58s 16.58s 10.09 1K18k 11.47? 12-24? „
8.67 6.653 6.59 6.31
16.58s 16.58s 9.70° 10.91 ’ U -22h
11.97"’ 8.16 5.95 5.85 5.43
Cedar Falls 16.58s 16.58s 7.83" 9.26e 9‘57ï 10.40? 8.62 5.62 6.41 6.12
16.58s 16.58s 7-83h 9.26° 9>57h
10.40? 8.44 5.43 6.31 5.95
17.05s 17.05s 10.46? 11.49e n *72ì 12.44? 7.88 5.50 5.43 4.98
17.05s 17.05s 9.10;? 10.34® 10.58, 11.42? 7.55 5.06 5.06 4.62
Marshalltown 16.58s 16.58s 8.37 9.73 9.97 10.69 7*52n 4.05 5.50 4.98
West Des Moines 16.92c 15.75c 9.07? h 9.40e 10.58” 10.58? 5*29n 2.13n 3.92 3.46
Des Moines 16.24s 16.24s 8.6lJ’h 9.40e 10.58? 10.58? 5.21 2.7 ln 3.83 3.33
16.58s 16.58s 9.64d 10.45 ’e 10.75 11.55"’ 6.77 3.05 4.05 4.72
Chillicothe 16.85c 15.69c 7.6C° 9.59e 10.92° 10.76? 5.62 3.05 3.92 4.72
Bridgeport Station 17.49C 16.33° S.43° 9.89e 11.75° 11.06? 6.29 3.05 2.71° 3.83
Lansing 20.09c 18.92° 9-83J 11.04e 11.23? 12.00? 9.49 7.39 7.85 7.55
Dubuque 19.18c 18.01° 6.91? 8.45? 8.79* 9.54, 8.84 6.76 7.27 7.05
Cedar Rapids 16.58s 16.58s 8.37* 9.73 9-97h 10.69?
7.88 5.85 6.59 6.31
Clinton 16.32s 16.32s 4.84° 8.95e 9.16 10.12? 8.16 6.59 6.76 6.97
Iowa City 16.58s 16.58s 7.27? 8>76k
9.08** 9.90? 7.52 5.32 6.12 6.31
Davenport 16.32s 16.32s 4.64J 8‘81k 9.19* 10'12k;e
7.69 6.12 6.31 6.59
Bettendorf 16.32s 16.32s 4.64° 8.81? 9.19* 10*12k e 7.81 6.24 6.41 6.65
Montpelier 16.32s 16.32s 4.84? 8.81, 9.19* 10.12? 7.42 5.85 5.98 6.31
Muscatine 16.32s 16.32s 4.84d 8.81k 9.19 10.12 ’ 7.25 5.68 5.78 6.24
Buffalo 18.95c 17.78c 7.49° 8.95e 10.22° 10.12e 7.52 5.95 6.12 6.41
Middletown 17.86c 16.69° 6.56d 3.04e 8.39? 9.40? 6.77 5.50 5.50 5.85
Burlington 16.32s 16.32s 5.94d 7.56k 8.39? 9.34k,e 7.00 5.68 5.68 5.98
Keokuk 16.32s 16.32s 6.00d 7.56k 8.39* 9.34e 7.00 5.43 5.68 5.98
Freight Tariff Authority:
a Western Trunk Lines 160-S, Supplement 149, issued June 15, 1977 (42); rates applied per instructions
specified in correspondence from the Western Trunk Line Committee co the Iowa Department of Transportation, 
dated June 28, 1977; unless otherwise indicated, these are distance rates from Item 1360-F. 
b Rate from Centerville, Iowa, plus $1.29 estimated trucking cost from Unionville, Missouri, to Centerville 
plus $0.28 estimated truck-to-rail transfer cost, 
c Estimated rate, 
d Burlington Northern 160 (5). 
e Illinois Central Gulf 700 (16). 
f Consolidated Rail Corporation 385-B (9). 
g Chicago and North Western 1-B (8). 
h Illinois Freight Association 122-A (17).
i Illinois-Indiana Coal and Coke Committee 130-P, subject to annual volume of 81,000 tons (18). 
j Item 1355-H allows a rate of $5.20 per ton subject to a minimum annual volume of 50,000 tons; this rate was 
excluded because of the large volume requirement, 
k Southern Freight Tariff Bureau 837(31).
1 New York Central 385 (27).
¿ Rate to Des Moines assumed to West Des Moines, 
n Item 1380-G. 
o Item 1340-B.
p Illinois-Indiana Coal and Coke Committee 130-P, subject to annual volume of 50,000 tons (18). 
q Rate to Burlington assumed to Middletown.
per ton. Rates from Oskaloosa, Iowa, to Iowa 
destinations range from $2.13 to $7.68 per ton.
Table 10 presents the published Ex Parte 336 
and estimated 15-car rates from out-of-state origins 
and three Iowa origins to Iowa coal users. Most of 
the rates presented in table 10 are estimated rates. 
The 15-car rates from Oskaloosa, Iowa, to Iowa users 
ranged up to $2.03 per ton less than the correspond­
ing single-car rates. Most of the Iowa single-car in­
trastate rates are distance rates issued in Western 
Trunk Lines Freight Tariff 160-S, Supplement 149, 
Item 1360-G. These distance rates were issued 
in compliance with order of the Iowa Board of 
Railroad Commissioners in Dockets B-1593 and 
B-1656, dated September 2, 1933, as amended.
These rates are considered by the interested 
carriers to be unreasonable (sic) low, dis­
criminatory against interstate commerce, pre­
ferential of intrastate commerce and are 
published under protest solely to avoid fines 
and penalties provided in the Iowa statutes (41).
Under this tariff, some single-car point-to-point rates 
are lower than the estimated 15-car rates. Some 
railroad companies have proposed to cancel the routes 
from Hamilton, Lovilia, and Ottumwa to Des Moines 
and West Des Moines on the basis that the rates for 
these routes are noncompensatory.
Table 11 presents the published and estimated 
50-car rates from coal origins to Iowa destinations. 
The estimated. 50-car rates from Wyoming to Iowa 
destinations range from $2.28 to $6.13 per ton less 
than single-car rates. The estimated 50-car rates from 
Oskaloosa, Iowa, to Iowa destinations range from 
$0.04 to $2.79 per ton less than the corresponding 
single-car rates.
Table 12 presents the estimated rates for 100-car 
train shipments from out-of-state origins to Iowa 
destinations. The estimated 100-car train rates from 
Wyoming to Iowa destinations range from $5.37 to 
$8.60 per ton less than the comparable single-car 
rates. No 100-car rates were estimated for Iowa
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Table 10- Published 10-car (1,000-ton) and 15-car (1500-ton) and estimated 15-car (1500-ton) rates for coal shipments 
by rail from selected origins to selected Iowa destinations at Ex Parte 336 rate levels and estimated 
rates at mid-1977 price levels in dollars per ton.
Origin
Iowa Destination
Sheridan,
Wyoming
Gillette, 
Wyoming
Canton,
Illinois
Sparta,
Illinois
West Harrisburg, 
Illinois
Nortonville,
Kentucky
Unionville, 
Missouri
Oskaloosa,
Iowa
Tracy,
Iowa
Donnelley
Iowa
Spencer $13.45 $12.40 $7.85 $10.50 $10.68 $11.75 $8.41 $6.04 $5.83 $5.59
Sergeant Bluff 12.32 11.26 8.29 10.83 11.25 12.32 9.71 6.15 7.13 6.90
Council Bluffs 11.10 10.05 6.78 9.59 10.02 11.08 8.41 5.86 5.13 5.36
Mason City 13.84 12.79 6.74 8.91 9.27 10.16 7.29 4.41 5.36 4.13
Humboldt 13.28 12.23 7.28 9.48 9.91 10.98 7.84 4.62 5.25 5.02
Iowa Falls 13.80 12.74 6.41 8.54 9.00 10.07 6.65 4.12 4.73 4.49
Cedar Falls 14.03 12.98 6.11 8.24 8.70 9.77 7.74 4.59 5.75 5.51
Waterloo 14.01 12.97 6.05 8.19 8.64 9.71 7.60 3.86 5.02 4.78
Boone 13.15 12.09 6.94 8.88 9.30 10.37 7.09 3.87 4.51 4.27
Ames 13.27 12.22 6.83 8.76 9.19 10.26 6.93 3.70 4.34 4.11
Marshalltown 13.60 12.55 6.53 8.46 8.89 9.96 6.87 3.38 4.53 4.29
West Des Moines 13.25 12.19 6.22 8.59 9.05 10.12 5.84 4.08 3.91 3.68
Des Moines 13.29 12.24 6.18 8.55 9.01 10.08 5.80 4.04 3.21 2.98
Pella 13.78 12.72 5.71 8.53 8.95 10.02 5.27 3.13 4.20 3.75
Chillicothe 13.12 12.06 4.77 7.58 8.01 9.08 4.96 3.14 3.49 3.73
Bridgeport Station 13.77 12.71 5.61 8.42 8.85 9.92 5.75 2.47 3.24 3.48
Lansing 16.20 15.14 6.12 8.41 8.55 9.62 9.06 6.37 7.59 7.36
Dubuque 15.30 14.25 4.63 6.96 7.14 8.21 7.86 5.44 6.61 6.43
Cedar Rapids 14.59 13.54 5.60 7.57 8.00 9.07 6.32 4.08 5.18 5.06
Clinton 15.32 14.27 4.27 6.90 7.33 8.40 6.59 5.26 5.43 5.67
Iowa City 14.75 13.70 5.09 7.25 7.71 8.78 6.12 4.45 4.90 5.01
Davenport 15.23 14.18 3.99 6.81 7.27 8.34 6.24 4.91 4.99 5.23
Bettendorf 15.26 14.21 4.01 6.84 7.30 8.37 6.28 4.95 5.09 5.33
Montpelier 15.14 14.09 4.75 6.92 7.38 8.45 6.09 4.76 4.85 5.08
Muscatine 15.27 14.22 4.87 7.03 7.49 8.56 5.97 4*64 4.73 4.96
Buffalo 15.10 14.05 4.71 6.88 7.34 8.41 6.13 4.81 4.90 5.13
Middletown 14.04 12.99 3.90 6.72 7.14 8.21 6.39 4.57 3.89 4.12
Burlington 14.11 15.52b 3.84 6.65 7.08 8.15 6.49 4.67 3.99 4.22
Keokuk 14.85 13.80 4.05C 6.72° 7.45e 8.40 5.81 4.50 4.66 is 00 VO
Freight Tariff Authority:
a Estimated rate from Centerville, Iowa, plus $1.29 estimated trucking cost from Unionville, Missouri, to 
Centerville plus $0.70 estimated truck-to-rail transfer cost, 
b Burlington Northern 219-A, subject to minimum of 1,500 tons per shipment (6). 
c Burlington Northern 160, subject to minimum of 1,000 tons per shipment (5). 
d Southern Freight Tariff Bureau 837, subject to minimum of 1,000 tons per shipment (31). 
e New York Central 385, subject to minimum of 1,000 tons per shipment (27). 
f Illinois Central Gulf 700, subject to minimum of 1,000 tons per shipment (16).
Table 11. Published and estimated rates for 50-car (5,000-ton) coal shipments by rail from selected 
origins to selected Iowa destinations at Ex Parte 336 rate levels and estimated rates at 
mid-1977 price levels in dollars per ton.
Origin
Iowa destination
Sheridan,
Wvoming
Gillette,
Wyoming
Canton,
Illinois
Sparta,
Illinois
West Harrisburg, 
Illinois
Nortonville,
Kentucky
Unionville, 
Missouri a
Oskaloosa,
Iowa
Tracy,
Iowa
Donnelley,
Iowa
Spencer $12.23 $11.21 $7.50 $10.33 $10.52 <11.66 $7.88 $5.50 $5.27 $5.02
Sergeant Bluff 11.13 10.10 7.97 10.68 11.13 12.27 9.28 5.58 6.66 6.41
Council Bluffs 9.93 8.90 6.34 9.36 9.81 10.95 7.87 5.29 4.50 4.75
Mason City 12.63 11.60 6.31 8.62 9.01 9.96 6.67 3.75 4.77 4.52
Humboldt 12.08 11.05 6.87 9.23 9.68 10.82 7.26 3.95 4.65 4.40
Iowà Falls 12.59 11.56 5.96 8.23 8.72 9.86 5.99 3.43 4.10 3.85
Cedar Falls 12.81 11.79 5.63 7.91 8.40 9.54 7.16 3.95 5.19 4.94
Waterloo 12.80 11.78 5.57 7.85 8.34 9.48 7.01 3.16 4.40 4.15
Boone 11.95 10.92 6.52 8.59 9.04 10.18 6.48 3.17 3.87 3.62
Ames 12.07 11.05 6.40 8.47 8.92 10.06 6.31 2.99 3.69 3.44
Marshalltown 12.40 11.37 6.08 8.14 8.60 9.74 6.24 2.65 3.89 3.64
West Des Moines 12.05 11.02. 5.75 8.28 8.77 9.91 5.13 3.41 3.24 2.99
Des Moines 12.10 10.45b 5.70 8.23 8.73 9.87 5.09 3.37 2.48 2.23
Pella 12.57 11.54 5.21 8.23 8.68 9.82 4.49 2.37 3.52 3.02
Chillicothe 11.91 10.88 4.19 7.21 7.66 8.80 4.17 2.38 2.75 3.00
Bridgeport Station 12.56 11.53 5.10 8.11 8.57 9.71 5.02 1.65 2.49 2.74
Lansing 14.96 , 13.93 5.64 8.08 8.23 9.37 8.56 5.84 7.15 6.90
Dubuque 14.07 13.04 4.03 6.51 6.71 7.85 7.28 4.84 6.09 5.90
Cedar Rapids 13.38 12.35 5.08 7.18 7.64 8.78 5.64 3.38 4.57 4.44
Clinton 14.09 13.06 3.65 6.47 6.93 8.07 5.92 4.65 4.83 5.08
Iowa City 13.53 12.50 4.53 6.84 7.33 8.47 5.42 3.80 4.27 4.39
Davenport 14.00 12.97 3.34 6.37 6.86 8.00 5.56 4.29 4.37 4.62
Bettendorf 14.03 13.00 3.37 6.40 6.89 8.03 5.60 4.33 4.48 4.73
Montpelier 13.91 12.89 4.17 6.48 6.98 8.12 5.39 4.12 4.22 4.46
Muscatine 14.04 13.01 4.30 6.61 7.10 8.24 5.27 4.00 4.09 4.34
Buffalo 13.87 12.84 4.13 6.44 6.93 8.07 5.45 4.17 4.27 4.52
Middletown 12.82 11.80. 3.25 6.27 6.72 7.86 5.74 3.93 3.19 3.43
Burlington 12.89 12.52° 3.18 6.20 6.66 7.80 5.85 4.03 3.29 3.54
Keokuk 13.63 12.60 3.20 6.57 7.03 8.17 5.11 3.86___ 4.02 4.27
Freight Tariff Authority:
a Estimated rate from Centerville, Iowa, plus $1.29 estimated trucking cost from Unionville. Missouri, to 
Centerville plus $0.70 estimated transfer cost from truck to rail, 
b Burlington Northern 219-A (6).
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Table 12. Estimated rates for 100—car (10,000—ton) coal shipments by rail from selected origins 
to selected Iowa destinations at Ex Parte 336 rate levels and estimated rates at 
mid-1977 price levels in dollars per ton.
Origin
Iowa destination
Sheridan,
Wyoming
Gillette,
Wyoming
Canton,
Illinois
Sparta,
Illinois
West Harrisburg, 
Illinois
Nortonville.
Kentucky
Spencer $ 9.43 $ 8.63 $5.86 $8.07 $8.21 $9.10
Sergeant Bluff 8.54 7.73a 6.24 8.35 8.70 9.59
Council Bluffs 7.55 6.75 4.91 7.32 7.67 8.56
Mason City 9.78 8.98 4.87 6.67 6.98 7.72
Humboldt 9.36 8.55 5.33 7.17 7.52 8.41
Iowa Falls 9.76 8.96 4.59 6.37 6.75 7.63
Cedar Falls 9.94 9.15 4.33 6.11 6.49 7.38
Waterloo 9.93 9.13 4.28 6.06 6.44 7.33
Boone 9.25 8.45 5.04 6.65 7.00 7.89
Ames 9.35 8.55 4.94 6.55 6.91 7.79
Marshalltown 9.61 8.81 4.69 6.30 6.65 7.54
West Des Moines 9.33 8.53 4.44 6.41 6.79 7.68
Des Moines 9.36 8.56 4.40 6.37 6.76 7.65
Pella 9.73 8.93 4.02 6.43 6.78 7.67
Chillicothe 9.17 8.37 3.16 5.57 5.92 6.81
Bridgeport Station 9.73 8.92 3.93 6.34 6.69 7.58
Lansing 11.72 10.92 4.28 6.18 6.30 7.18
Dubuque 10.97 10.17 2.98 4.92 5.07 5.96
Cedar Rapids 10.42 9.62 3.86 5.49 5.85 6.74
Clinton 10.99 10.19 2.68 4.92 5.28 6.17
Iowa City 10.55 9.74 3.42 5.22 5.61 6.49
Davenport 10.92 10.12 2.43 4.85 5.23 6.12
Bettendorf 10.94 10.14 2.45 4.87 5.25 6.14
Montpelier 10.85 10.05 3.14 4.94 5.32 6.21
Muscatine 10.95 10.15 3.24 5.03 5.42 6.31
Buffalo 10.81 10.01 3.10 4.90 5.29 6.17
Middletown 9.95 9.15 2.37 4.78 5.13 6.02
Burlington 10.00 9.20 2.31 4.72 5.07 5.96
Keokuk 10.63 9.83 2.33 5.02 5.37 6.26
aBased upon mid-1977 railroad negotiations with a large Iowa coal receiver on proposed 10,1000-ton
coal rates from Wyoming.
origins inasmuch as environmental emission stan­
dards would allow Iowa coal to be used only by small 
coal users or in relatively small quantities by users 
with large new boilers. Thus, no demand is expected 
for 100-car shipments of Iowa coal.
Estimated Trucking Rates
In this analysis, trucks perform three coal- 
hauling functions.
1. Coal is transported from strip mines to coal 
beneficiation plants in tandem-axle dump trucks. 
The tandem-axle truck was selected for this move­
ment because it can be maneuvered in relatively 
small areas and into special dumping situations.
2. Coal beneficiation refuse is hauled from the 
beneficiation plant to a mine in tandem-axle dump 
trucks.
3. Trucks compete with rail or barge in hauling 
cleaned coal from a beneficiation plant or under­
ground mine to the utility or industrial plant. At 
present, both tandem-axle dump trucks pulling a 
pup trailer and tractor twin-belly trailer combina­
tions are used to haul coal from Iowa mines to coal 
users. Cost functions for this movement were 
estimated for both 73,280- and 80,000-pound gross 
weight limits.
Estimated trucking costs for several specific trip 
distances for each type of movement with 4- to 11- 
point estimates were used to estimate trucking cost 
functions for each of these types of movements by 
the linear equation
[4] Ct =  a +  /3m 
where
Ct =  cost per ton, 
a =  constant,
/3 =  linear coefficient, and 
m =  one-way miles.
The constant "a” is the fixed cost of providing the 
vehicle and the time required to load and unload the 
coal. The coefficient "/3” is the cost of hauling one ton 
of coal one additional mile and includes the cost of an 
empty return. The estimated truck cost functions by 
type of haul are presented in table 13. Each of the 
estimated cost functions assumed empty returns.
The estimated trucking cost functions are con­
verted to estimated trucking rates by the expression
[5] Rt =  1.15 C, 
where
Rt =  estimated rate per ton.
This expression increases the estimated trucking 
costs by adding a 15-percent profit margin to approx-
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Table 13. Coal trucking cost functions by type of haul, type of vehicle and distance 
hauled, Iowa, 1977 cost levels.
Type of 
haul
Type of 
vehicle
One-way miles
^ ,, a , b 
Dollars per ton
hauled ____ a 3 .
Mine to
beneficiation plant
Tandem-- 
axle dump 0.25-25 $0.1743 $0.0578
Refuse from 
beneficiation plant 
to mine
Tandem- 
axle dump 0.25-25 0.1743 0.0578
Beneficiation plant Tractor, 5-19.9 0.1327 0.0420
or underground mine twin-belly 20-74.9 0.1368 0.0420
to users dump trailer 75-200 0.5679 0.0363
Beneficiation plant 
or underground mine
Tandem-axle 
dump truck 5-19.9 0.3668 0.0414
to users with pup 
trailer
20-74.9 0.3711 0.0411
75-200 0.7439 0.0360
Beneficiation plant 
or underground mine 
to users - 80,000
Tandem-axle 
dump truck 5-19.9 0.3326 0.0376
pound limit gross with pup 20-74.9 0.3365 0.0376
weight trailer 75-200 0.6746 0.0327
Multiply by 1..15 to convert the trucking cost functions to estimated trucking rates.
bAll R2's = 0.98.
imate 1977 truck rates for transporting coal. The pro­
cedure for estimating the trucking cost functions is 
presented in Appendix C.
Rail-Barge Transportation Rates
In 1976, 9.3 percent of the coal received by Iowa 
users was transported by barge (35). This coal 
originated in Illinois and western Kentucky, and 
most of it was shipped by rail from the mine to the 
barge loading point. In 1977, the electrical utility 
plant located at Lansing, Iowa, began to receive coal 
shipped by unit train from Gillette, Wyoming, to 
Alton, Illinois, where the coal is transferred into 
barges for shipment to Lansing. The reason for this 
movement is the inability of the rail line at Lansing 
to handle unit trains of coal. Thus, rail-barge is an 
important mode of coal transportation to Iowa.
Coal shipments by barge are unregulated move­
ments; therefore, no barge tariffs exist for coal. To 
obtain barge transportation rates, data on the 
charges for shipping coal by barge were collected 
from coal and barge companies. Data also were col­
lected from coal mining companies on the rail rates 
for shipping coal from mines to barge loading 
facilities as well as on the costs of loading coal into 
barges. These data are presented in table 14.
No barge charges were available from Grand 
Rivers, Kentucky—the rail-to-barge transfer point
for Nortonville, Kentucky, coal—to selected Iowa 
destinations. Therefore, barge costs for these move­
ments were estimated by using a barge cost model 
(3). Barge costs were estimated for coal shipments to 
the selected Iowa destinations from Kellogg and E. 
St. Louis, Illinois, and from Grand Rivers, Kentucky. 
Then, an average ratio of actual barge charges to 
estimated barge costs was computed from Kellogg 
and E. St. Louis, Illinois, to all Iowa coal destina­
tions on the Mississippi River. The estimated barge 
cost to each Iowa destination from Grand Rivers, 
Kentucky, was multiplied by the average ratio of 
barge charges to barge costs to estimate a barge 
charge from Grand Rivers, Kentucky, to each Iowa 
destination.
Coal Beneficiation Costs
Coal beneficiation is a mechanical process by 
which crushed coal is passed through water and sul­
fur is separated out by the difference in specific 
gravity between coal and sulfur. At the present state 
of the art, this process removes approximately 35 
percent of the sulfur and increases the Btu content 
of the remaining coal by about 12 percent.
Plant performance data for the analysis of coal 
beneficiation cost are derived from an actual 
"package” beneficiation plant proposed for construc­
tion in Iowa. These data were modified by 
performance data and costs from an experimental
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Table 14. Estimated rail-barge rates and transfer costs from rail to barge for selected coal 
origins and Iowa destinations in dollars per ton, 1977.
Iowa
destination
Coal origin to barge loading points
Sparta, IL to 
Kellogg, IL
West Harrisburg, 
to E. St. Louis,
IL
IL
Nortonville, KY to 
Grand Rivers, KY *>
Gillette, WY 
to Alton, IL
Keokuk $4.05 $5.50 $6.05 -
Muscatine 4.35 5.80 6.29 -
Montpelier 4.35 5.80 6.31 -
Davenport 4.35 5.80 6.24 -
Clinton 4.17 5.62 5.96 -
Dubuque 4.42 5.87 6.24 -
Lansing 4.67 6.12 6.47 $14.29C
Source: Coal and barge companies
aRail rates for single-car shipments at Ex Parte 336 rate level.
^Based on estimated barge rates, 
c
Ex Parte 336 100-car train rate to Alton, Illinois, plus barge to Lansing.
coal washing plant operated by Iowa State Univer­
sity (12).
The raw coal feed rate for the package beneficia- 
tion plant is estimated to be 250 tons per hour. The 
plant is assumed to operate on a double-shift basis 
for 14 hours per day for 45, 5-day weeks. Annual 
consumption of raw coal is projected to be 840,000 
tons. The production breakdown for processed coal is 
estimated to be 77 percent clean coal and 23 percent 
refuse and refuse fines, resulting in an estimated 
646,800 tons of clean coal per year. Grieve and 
Fisher (13) reported clean coal recovery of 72.3 per­
cent of the raw coal with a system using an impact 
crusher. Industry representatives indicated that the 
substitution of a roll crusher for the impact crusher 
would increase the recovery rate to about 77 percent 
clean coaL
The detailed specifications and costs of the coal 
beneficiation plant are presented in Appendix E. 
The total investment cost for this plant is estimated 
to be $2,588,127. At a 10-percent interest cost, the 
estimated annual interest and capital recovery cost 
is estimated to be $326,413. Other fixed annual costs 
that are not a function of the volume of coal pro­
cessed include management, office expenses, in­
surance, property taxes, maintenance and repairs, 
and other miscellaneous expenses. These annual 
fixed costs are estimated to total $350,444 to yield a 
total annual fixed cost of $676,857.
The variable cost of operating the coal beneficia­
tion plant includes electrical power, supplies, labor, 
coal-quality analysis, fuel and other’ operating costs 
of a front-end loader, and an operating profit. Total
variable costs of the coal beneficiation plant are 
estimated to be $0.819 per ton of clean coal pro­
duced.
Eight sites were selected as potential locations 
for coal beneficiation plants. Seven of these sites are 
located on rail lines. These seven sites were selected 
on the basis of spatial proximity to potential coal 
mines and on the availability of land to build a coal 
beneficiation plant.
It is assumed that a coal beneficiation plant 
located on a rail line would need at least 5,800 feet 
of rail siding to handle up to 50 rail cars with one 
switch. Data were collected from each railroad com­
pany on the amount of rail siding available at each 
location and on the estimated cost to extend the rail 
siding to 5,800 feet. The individual locations and the 
investment cost of the siding and turnouts are pre­
sented in table 15. The total investment cost was 
converted to an annual cost by equation [111 in Ap­
pendix B.
User Receiving, Unloading, and 
Conveying Costs ~
Coal receiving, unloading, and conveying costs at 
coal-using plants are divided into two basic types. 
The first type consists of the variable costs of receiv­
ing coal by different modes of transport and sizes of 
shipment and of unloading and transferring the coal 
to a live storage area. Variable costs include labor, 
fuel, power, and repairs and maintenance of equip­
ment. Estimated variable costs of receiving and un-
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Table 15. Estimated cost of additional siding and turnouts at seven potential Iowa coal 
beneficiation plant sites, 1977.
Potential 
Iowa coal 
beneficiating 
plant sites
Present 
leng th 
of siding 
in feet
Additional 
required 
siding 
in feet
Total cost 
of additional 
siding and 
turnouts
Annual cost 
of additional 
siding and 
turnouts
Givin 702 5098 $304,430 $34,636
Oskaloosa 1500 4300 286,500 32,523
Bridgeport Station 3360 2440 211,400 23,952
Donnelley 2550 3250 188,750 21,470
Durham 1134 4666 299,310 33,994
Tracy 1470 4330 277,550 31,549
Hamilton 0 5800 339,000 38,552
Source: Railroad companies.
loading coal were obtained from utility company ex­
ecutives. These estimated costs are presented in 
table 16.
The second type of cost of receiving, unloading, 
and conveying coal is the cost of additional invest­
ments required to upgrade existing facilities to han­
dle larger shipments. The larger volume shipments 
considered in this analysis are 15-car, 50-car, and 
100-car rail shipments. The costs of existing receiv­
ing and unloading facilities are not included in this 
analysis because the costs of these facilities are 
"sunk.”
Data on their present rail receiving capacities 
were obtained from each utility and industrial firm
Table 16. Estimated variable cost per ton of
receiving, unloading, and transferring 
coal to live storage by mode of transport, 
Iowa, 1977.
Mode of 
transport
Variable cost 
per ton
Rail
Single-car shipment $0.35
15-car shipment 0.25
50-car shipment 0.20
100-car shipment 0.11
Truck 0.05
Barge 0.25-0.40a
Source: Utility company executives, 
depends on location.
by questionnaires and telephone calls. Estimates 
were then made of the cost of upgrading the rail re­
ceiving and unloading capacity of each coal user to 
the next larger size of shipment. For example, if the 
present rail receiving capacity of a given plant was 
limited to single-car shipments, an estimate was 
made of the cost of upgrading this facility to receive 
15-car rail shipments. If the plant presently has 
facilities to receive 100-car train shipments of coal, 
no further investment costs would be incurred. 
Tables 17, 18, and 19 present the total and annual 
investment cost of the next level of rail receiving 
capacity in receiving and unloading facilities by in­
dividual coal user for 15-car, 50-car, and 100-car 
shipments, respectively. If the expected number of 
tons of coal to be used in 1980 would provide less 
than one shipment per month at the next size ship­
ment or if the user has historically received all its 
coal by truck or barge, the user was not given the 
opportunity to increase the capacity of its rail re­
ceiving facilities. Thirteen coal users were not as­
signed additional rail receiving capacity.
Table 17. Estimated total and annual cost of upgrading receiving, unloading and 
conveying facilities to handle 15-car rail shipments of coal, by coal 
user, Iowa, 1977 cost levels.
Town Coal user
upgrading
Total
cost
Annual
Boone Iowa Electric Light & Power Company $519,838 $61,950
Cedar Falls University of Northern Iowa 397,800 56,350
Cedar Rapids Wilson Foods Corporation 485,213 55,738
Clinton E. I. DuPont de Nemours & Co. 323,038 37,147
Davenport Oscar Mayer & Company 373,838 42,326
Dubuque John Deere Dubuque Tractor Works 447,538 51,849
Humboldt Corn Belt Power Cooperative 397,800 46,725
Iowa City University of Iowa 351,088 40,043
Middletown Iowa Army Ammunition Plant 0
Muscat ine Grain Processing Corporation 436,538 50,714
Waterloo John Deere Waterloo Tractor Works 345,038 41,418
Waterloo The Rath Packing Company 537,788 66,360
West Des Moines Marquette Cement Manufacturing Company 529,538 63,509
West Des Moines Penn-Dixie Cement Corporation 502,600 61,375
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Table 18. Estimated total and annual cost of upgrading receiving» unloading 
and conveying facilities to handle 50-car rail shipments of coal» 
by coal user, Iowa, 1977 cost levels.
Estimated 
upgrading cost
Town Coal user Total Annual
Ame 8 Ames Municipal Electric System $1,094,125 $130,463
Ames Iowa State University 1,143,125 135,812
Bettendorf Iowa-Illinois Gas & Electric Company 785,000 92,206
Burlington Iowa Southern Utilities Company 455,125 50,374
Cedar Falls Cedar Falls Municipal Utility 1,224,125 147,734
Cedar Rapids» Iowa Electric Light & Power Company
6th Street Station 1,238,225 148,499
Cedar Rapids> Iowa Electric Light & Power Company
Prairie Creek Station 785,000 92,206
Clinton Clinton Corn Processing Company 1,057,625 126,847
Clinton Interstate Power Company 1,241,425 148,187
Marshalltown Iowa Electric Light & Power Company 941,625 190,012
Mason City Lehigh Portland Cement Company 991,625 118,033
Mason City Northwestern States Portland Cement Co. 774,125 92,557
Muscatine Muscatine Power & Water 1,110,625 132,167
Spencer Corn Belt Power Cooperative 705,375 86,932
Waterloo Iowa Public Service Company 1,165,125 132,987
Table 19. Estimated total and annual cost of uoeradine receiving, unlnaHIno
and conveying facilities to handle 100-car rail shipments of coal,
by coal user, Iowa, 1977 cost levels.
Town Coal user
Estimated 
upgrading cost 
Total Annual
Chillicothe Iowa Southern Utilities Company $ 0 $ 0
Council Bluffs Iowa Power & Light Company 0 0
Des Moines Iowa Power & Light Company 5,204,000 604,753
Sergeant Bluff Iowa Public Service Company 0 0
The procedure for estimating these upgrading 
costs is presented in Appendix F. Although the basic 
data for these estimates were obtained from utility 
company engineers, the estimated costs in tables 17, 
18, and 19 for each coal-using facility and the costs 
in Appendix F should be interpreted as approxima­
tions of the actual costs. Actual costs can be ob­
tained only by a detailed engineering analysis of 
each facility.
RESULTS
The main purpose of this study is to evaluate 
alternative coal transportation, coal beneficiation, 
and coal handling systems to minimize the cost of 
satisfying the 1980 Btu requirements and sulfur 
emission standards of major coal users in Iowa. A 
mathematical programming analysis was used to 
minimize the cost of delivered coal to each identified 
coal user in Iowa. The basic assumptions in the 
analysis follow.
1. Each township in a 3 V2-county area in Iowa 
with indicated available strippable coal reserves of 
1,200,000 tons or more could support up to two 
mines producing a total of 120,000 tons of coal per 
year for 10 years. Townships included in this 
analysis that have total available strippable re­
serves less than 1,200,000 tons could support two 
mines, each producing 5 percent of the reserves an­
nually. Drilling experience at the time of this 
analysis indicated that the coal bodies in the 3 Mi- 
county area are in discontinuous, channel-like de­
posits. This suggested that the average number of 
mines would be about two per township (23).
2. Iowa utility executives have indicated that 
they are reluctant to use raw Iowa strip mine coal 
because of its high sulfur and rock content. 
Therefore, all Iowa strip mine coal must be 
processed through a coal beneficiation plant. Under­
ground mine Iowa coal could be processed through a 
beneficiation plant or shipped directly to users de­
pending upon costs.
3. The delivered coal price includes the FOB 
mine price, beneficiation costs, and all transporta­
tion and handling costs and the investment costs of 
increasing receiving capacity at coal-user plants.
4. By 1980, costs associated with opening new 
mines in Iowa and Missouri could be higher relative 
to new mines in other states. This could result in 
higher prices for Iowa and Missouri coal, relative to 
prices of other out-of-state coals.
5. Sulfur dioxide emissions cannot exceed the 
emission standard at each coal-using plant.
6. If lower-cost multiple-car rail rates are made 
available to Iowa users for Iowa coal, they will also 
be made available to Iowa users for out-of-state coal.
7. Coal could be trucked from underground 
mines and coal beneficiation plants to users in tan­
dem-axle dump trucks with pup trailers; backhauls 
are empty.
8. All coal users in Iowa will continue to 
purchase coal independently of each other.
Eight computer solutions were obtained in this 
study. Each solution is based on an alternative com­
bination of FOB mine coal prices and transportation 
rates. The combination of FOB mine prices and 
transportation rates for each of the solutions is pre­
sented in table 20.
The model determines the least-cost system to 
supply the 1980 Iowa coal requirements and 
specifies the optimal amount of coal to be shipped 
from each origin to each coal user, the optimal mode 
of transport and size of shipment, the optimal 
number and location of coal beneficiation plants in 
the 3V2-county study area in Iowa, and which coal 
users would upgrade receiving facilities to handle 
larger volume rail shipments.
Solution I
Solution I is based on Ex Parte 336 rail rates, 
estimated rail-barge rates, estimated trucking rates, 
and on the set of Iowa and Missouri coal prices 
based on an average Iowa FOB mine price of $17.33 
per ton. This price represents the estimated total 
cost including reclamation costs and a 15-percent 
profit on sales—of opening and operating new 
70,000-ton per year strip mines in Iowa under min­
ing conditions defined by coal miners as "typical” 
mining operations. Prices of other competing out-of- 
state coals used in this solution are the 1977 FOB
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Table 20. Combinations of FOB coal 
eight computer solutions,
prices and transportation rates used
Tr anspor ta t ion 
rates
FOB strip mine coal prices3
Iowa and Missouri All other origins
I Ex Parte 336 Based on an average FOB 1977 FOB prices
rail rates mine price of $17.33 per
II Ex Parte 336 rail Based on an average FOB 1977 FOB prices
rates plus estimated mine price of $17.33 per
15-, 50-, or 100-car 
rates for all origins
ton
III Ex Parte 336 rail Based on an average FOB 1977 FOB prices
rates and 80,000- 
pound truck limits
mine price of $17.33 per
IV Ex Parte 336 Based on an average FOB 1977 FOB prices
rail rates mine price of $20.06 per
V Ex Parte 336 rail Based on an average FOB 1977 FOB prices
rates plus estimated mine price of $20.06 per
15-, 50-, or 100-car ton
rates for all origins
VI Ex Parte 336 Two-tier prices: Tier I 1977 FOB prices
rail rates based on 1977 average FOB 
mine price of $13.48 per 
ton; Tier II based on 
average FOB mine price of 
$17.33 per ton
VII Ex Parte 336 rail Two-tier prices: Tier I 1977 FOB prices
rates plus estimated based on 1977 average FOB
15-, 50-, or 100-car mine price of $13.48 per
rates for all origins ton; Tier II based on 
average FOB mine price of 
$17.33 per ton
VIII Ex Parte 336 rail Based on an average 1977 1977 FOB prices
rates FOB mine price of $13.48 
per ton
aFOB mine prices include estimated reclamation cost.
bid prices plus reclamation cost. The estimated price 
of coal in each Iowa township varied above or below 
the $17.33 average Iowa price, depending on the 
estimated sulfur content of the coal reserves in each 
township.
The computer program gave each coal user the 
option of using any existing rail or raibbarge rate, 
or the estimated truck rates, but coal users could use 
multiple-car rail rates only if these rates were pro­
vided to that user by current tariffs. Thus, no Iowa 
coal user was allowed to expand its rail coal receiv­
ing capacity under this solution.
Table 21 presents the estimated 1980 sources for
Table 21. Estimated quantities of coal consumed in Iowa by 
source of coal under solution I, 1980.
Source of Tons of Percentage
c oal coal of total
Wyoming 9,477,160 59.4
Illinois 4,856,980 30.5
Kentucky 0 0
Missouri 21,000 0.1
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine l,293,600a 8.1
Total 15,956,030 100
3 1,680,000 tons of raw coal are required to yield 
1,293,600 tons of beneficiated coal.
solution I. Under solution I, 60 percent of the coal 
consumption would be supplied from Wyoming, up 
from about 40 percent of Iowa’s 1976 coal consump­
tion. Illinois would supply 30 percent of the total 
coal supply, down from about 36 percent in 1976. 
The remainder—approximately 10 percent of total 
consumption, about 1.6 million tons would come 
from Iowa sources. Slightly over 300,000 tons would 
move directly from underground Iowa mines to 
users. Almost 1.3 million tons of cleaned coal would 
be supplied by two Iowa cleaning plants. The two 
beneficiation plants, located at Tracy and Oskaloosa, 
would require 1,680,000 tons of raw strip mine coal 
to produce 1,293,600 tons of cleaned coal. In 1975, 
total Iowa strip mine coal production in Iowa was 
only 259,000 tons (36). Thus, under the assumptions 
of this solution, strip mine coal production would in­
crease about 650 percent over 1975 production.
Table 22 presents the percentage of each coal 
user’s total coal consumption by origin and mode of 
transport. Confidentiality prohibits the publication 
of individual user tons shipped by mode. The large 
utilities located at Sergeant Bluff, Council Bluffs, 
Des Moines, Chillicothe, and Lansing would receive 
most of their coal from Wyoming. All of this coal 
would be shipped from Wyoming In 50- or 100-car 
trains.
Map 5 shows the estimated 1980 coal movements 
of Iowa coal to destinations. All the underground 
mine Iowa coal would be transported by truck to 
Bridgeport Station and Ames. Most of the cleaned 
strip mine Iowa coal would be shipped by truck to 
central Iowa coal users. Only two rail shipments of 
Iowa-produced coal enter the solution. These single­
car shipments enter the solution primarily because 
of low rates provided by a tariff (42) that is cur­
rently being challenged by railroad companies as 
unreasonably low. Under this tariff, more than 1,800 
cars of coal per year would be shipped from 
Oskaloosa to West Des Moines and Des Moines. The 
most direct rail route to West Des Moines is the 
Oskaloosa to Des Moines line. The 1977 Iowa Rail 
Plan indicates that upgrading the Oskaloosa to 
Pella section of this line would result in a very low 
benefit-cost ratio (20). The low benefit-cost ratio sug­
gests that this line is a possible candidate for aban­
donment. If Western Truck Lines Tariff 160-S re­
mains in effect for all railroad companies operating 
in Iowa and if the Oskaloosa-Pella line is aban­
doned, the possibility that a coal beneficiation plant 
might be built at Oskaloosa suggests that the 
Oskaloosa-Pella line right-of-way should be con­
sidered for "banking” for future rail coal movement.
Illinois coal would be consumed by coal users 
located in eastern and northern Iowa; this coal 
would be shipped from Illinois by single-car rail or 
by barge.
Table 23 shows the percentage of Iowa and out- 
of-state coal shipped by mode. In this solution, 89
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percent of Iowa coal would be transported by truck 
and 11 percent by rail. In 1976, 89 percent of the 
Iowa coal shipments was transported by truck. In 
solution I, more than 62 percent of out-of-state coal
consumed in Iowa would be shipped by unit trains, 
14 percent by rail-barge, and less than 1 percent by 
truck.
Table 24 shows the amount of coal consumed by
Table 22. Mode of transport and percentage of 1980 coal consumption by Iowa users and coal origin under solution I.
Iowa _________ Wyoming__________  ________Illinois
destination Percent Mode Percent Mode
Spencer(CBPC) 100 single-car
Spencer(SMU) 100 single-car
Sergeant Bluff 100 100-car train
Council Bluffs 100 100-car train
Mason City(LPCC) 100 single-car
Mason City(NSPCC) 100 single-car
Humboldt 100 single-car
loua Falls
Cedar Falls(CFU) 100 single-car
Cedar Falls(UNI) 100 single-car
Waterloo(IPSC) 100 single-car
Waterloo(RPC) 100 single-car
Waterloo(JDWTW) 100 single-car
Boone
Ames(AMES)
Ames(ISU)
Marshalltown
West Des Moines(PDCC)
West Des Moines(MCMC)
Des Moines 100 50-car train
Pella
Chillicothe 100 100-car train
Bridgeport Station
Lansing 82.4 100-car train, barge 17.6 barge
Dubuque(CC)
Dubuque(IPC)
Dubuque(JDDTW)
Cedar Rapids(IELPC,PC) 
Cedar Rapids(IELPC,6th) 
Cedar Rapids(WFC)
Clinton(CCPC) 
Clinton(EIDNC)
Clinton(IPC)
Iowa City 
Davenpor t(LSPC)
Davenpor t(OMC)
Davenport(RPC) 
Bettendorf(IIGEC) 
Bettendorf(JIC) 
Montpelier 
Mu scat ine (MPW)
Muscatine(GPC)
Buffalo
Middletown
Burlington
Keokuk
100 single-car
100 barge
100 single-car
69.4 single-car
54.3 single-car
43.8 single-car
100 single-car
100 single-car
100 barge
100 single-car
100 barge
100 single-car
100 single-car
100 single-car
100 single-car
100 barge
100 barge
100 single-car
100 single-car
100 single-car
100 barge
Iowa underground Cleaning plants at
Missouri ______ wines Tracy and Oskaloosa
Percent Mode Percent Mode Percent Mode
100 truck
13.5 truck 71.5 100
100
truck 15e0 
truck 100100
100
truck
truck
truck
single-car
single-car
100 truck
100 truck
30.6 truck
45.7 truck
56.2 truck
100 truck
MAP 5. Estimated flow of Iowa coal from underground mines and beneficiation plants to users under solution 1,1980.
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Table 23. Estimated tons of coal transported to Iowa users by 
mode and coal origin under solution I, 1980.
Mode of 
transport
Iowa Goal Out-of-state coal
Tons Percentage Tons Percentage
Truck 1,419,490 88.7 21,000 0.2
Rail
Single-car 181,400 11.3 3,340,730 23.3
15-car 0 0
50-car 0 376,540 2.6
100-car 0 8,545,580 59.5
Barge 0 2,071,290 14.4
Total 1,600,890 100.0 14,355,140 100.0
sulfur standard. All underground Iowa coal would be 
consumed by coal users with the 8-pounds of SO., per 
million Btu emission standard. About 50 percent of 
the beneficiated coal would be consumed by users 
with the 8-pound standard. About 11 percent would 
be consumed by users with the 6-pound standard, 
and about 39 percent by users with the 5-pound 
standard.
Map 6 shows the flow of coal from Iowa strip 
mines to beneficiation plants at Tracy and 
Oskaloosa. Most of the coal would come from mines 
within 10 miles of the plant. The maximum distance 
that coal would be trucked from a mine to a cleaning 
plant in this solution is about 25 miles.
Table 24. Estimated coal consumption by Iowa users by SC^ emission standard and coal origin under 
solution I, 1980.
Assumed maximum SO^ 
emission standard in 
pounds per million Btu
Iowa coal
Beneficiated Underground Out-of-state coal
Tons Percentage Tons Percentage Tons Percentage
1.2
5
6 
8
Total
0
498,710
148,090
646,800
1,293,600
0.0
38.6
11.4
50.0
100.0
0
0
0
307.290
307.290
0.0
1 0 0 .0
1 0 0 .0
9,219,050
953,220
3,626,350
556,520
14,355,140
64.2
6.6
25.3 
3.9
100.0
R21W R20W R19W R18W R17W R16W R15W R14W
Potential Beneficiation Plant 
Potential Strip Mine 
Railroad
T77N
T76N
T75N
T74N
T73N
T72N
T71N
MAP 6. Estimated flow of coal from Iowa strip mines to coal beneficiation plants under solution 1,1980.
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Solution II
Solution II is based on the assumption that 
multiple-car rates will be available for both Iowa 
and out-of-state coal by 1980 to all but 13 Iowa coal 
users. The multiple-car rates were not made avail­
able to the 13 users because of relatively low pro­
jected 1980 coal consumption or because the coal 
user has historically received coal only by barge. 
This solution uses the same FOB mine coal prices as 
solution I. Therefore, solutions I and II provide an 
evaluation of the impact of improved transportation 
on Iowa coal production.
Table 25 presents the sources of coal consumed 
in Iowa in 1980 under solution II. Wyoming would 
supply 67 percent of the 1980 coal consumed in 
Iowa. This compares with almost 60 percent under 
solution I and 40 percent in 1976. Illinois would sup­
ply about 27 percent compared with 30 percent in 
solution I and 36 percent in 1976. No coal would be 
received from either Kentucky or Missouri. Iowa 
mines would supply nearly 6 percent of total coal 
consumption compared with 10 percent under solu­
tion I. This comparison shows that the introduction 
of multiple-car rail rates would increase the amount 
of Wyoming coal consumed in Iowa and at the same 
time decrease the consumption of Missouri and Iowa 
coal. The reason for the large reduction of Iowa strip 
mine production under the multiple-car rate solu­
tion is that the estimated multiple-car rate reduc­
tions from single-car rates are much greater for 
Wyoming and Illinois coal than the estimated rate 
reductions for the short hauls from Iowa coal 
beneficiation plants to Iowa users. The estimated 
rate reductions for 50-car trains from. single-car 
shipments from Wyoming and Illinois range up to 
about $6.13 and $4.34 per ton, respectively, but only 
up to $2.46 per ton from Iowa. Most of the Iowa rate 
reductions were less than $1.50 per ton,
Table 25. Estimated quantities o£ coal consumed in Iowa in 1980 
by source of coal under solution II.
Source of Tons of Percentage
coal coal of total
Wyoming 11,096,220 67.4
Illinois 4,419,560 26.8
Kentucky 0 0
Missouri 0 0
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine 646,800a 3.9
Total 16,469,870 100.0
a840,000 tons of raw coal 
tons of beneficiated coal.
are required to yield 646,800
The estimated total cost of the delivered 1980 
projected coal consumption is $335,675,000 under 
solution I. The estimated total cost would fall to ap­
proximately $328,000,000 under solution II. Thus, 
while the multiple-car rates would reduce the Iowa 
coal share of total 1980 coal consumption, the lower 
rates would reduce the total cost of this consumption 
by about $7,675,000.
Under solution II, one coal beneficiation plant 
would be located at Oskaloosa. This plant would pro­
duce its capacity output of 646,800 tons of clean coal 
and would require 840,000 tons of raw strip mine 
coal. In addition, the underground mines would pro­
duce slightly over 300,000 tons per year. The annual 
total production of Iowa coal under this solution 
would be about 1,150,000 tons per year.
Map 7 shows the flow of coal from strip mines to 
the cleaning plant at Oskaloosa. As in solution I, the 
maximum distance coal would be trucked from a 
strip mine to a cleaning plant is about 25 miles.
Table 26 presents the percentage of each coal 
user’s total coal consumption received from each coal 
origin and the mode of transport for hauling the 
coal. Six utilities would receive all their coal from 
Wyoming, and a seventh utility would receive about 
82 percent of its coal from Wyoming. All the coal 
from Wyoming—representing 67.4 percent of total 
Iowa coal consumption—would be shipped in 50- or 
100-car trains. Two firms would receive Illinois coal 
in 50-car trains, and 16 firms would receive Illinois 
coal in 15-car shipments. The balance of the Illinois 
coal would be shipped by single-car rail and by 
barge. All the underground mine Iowa coal would be 
shipped by truck. Three coal users—two in Ames 
and one in Mason City—would receive Iowa coal in 
15-car shipments from the coal beneficiation plant. 
West Des Moines users would receive Iowa coal in 
single-car shipments, and the balance of the 
beneficiated Iowa coal would be shipped by truck.
Table 27 shows the percentage of Iowa coal 
shipped by mode. Almost 55 percent of the Iowa coal 
would be shipped by truck, compared with 89 per­
cent in solution I. About one-third of the Iowa coal 
would be shipped in 15-car rail shipments, and 14 
percent would move in single-car rail shipments.
Table 28 shows the distribution of coal by S 0 2 
emission standard. Almost 47 percent of the 
beneficiated Iowa coal would be consumed by users 
with the 8-pound S 0 2 standard. Users with 5- and 
6-pound standards would consume about 53 percent 
of the beneficiated Iowa coal.
Map 8 shows the distribution of Iowa coal by 
users. Almost all the Iowa coal would be used by 
central and east-central Iowa coal users, with a 
small amount shipped to one user close to the Mis­
sissippi River.
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MAP 7. Estimated flow of coal from Iowa strip mines to coal beneficiation plants under solution II, 1980.
Table 26. Mode of transport and percentage of 1980 coal consumption by Iowa users and coal origin under solution II.
Iowa
destination
____________Wyoming
Percentage________Mode
Iowa underground Beneficiation plant
Illinois Missouri___  _____ mines____  at Oskaloosa
Percentage Mode______ Percentage Mode Percentage Mode Percentage Mode
Spencer(CBPC)
Spencer(SMU)
Sergeant Bluff 100
Council Bluffs 100
Mason City(LPCC)
Mason City(NSPCC)
Humboldt 
Iowa Falls 
Cedar Falls(CFU)
Cedar Falls(UNI)
Waterloo(IPSC)
Waterloo(RPC)
Waterloo(JDWTW)
Boone
Ames(AMES)
Ames(ISU)
Marshalltown 100
West Des Moines(PDCC)
West Des Moines(MCMC)
Des Moines 100
Pella
Chillicothe 100
Bridgeport Station 
Lansing 82.4
Dubuque(CC)
Dubuque (1PC)
Dubuque(JJDTW)
Cedar Rapids(IELPC.PC) 100
Cedar Rapids(IELPC,6th) 
Cedar Rapids(WFC) 
Clinton(CCPC) 
Clinton(EIDNC) 
Clinton(IPC)
Iowa City 
Davenport(LSPC) 
Davenport(OMC) 
Davenport(RPC) 
Bettendorf(IIGEC) 
Bettendorf(JIC) 
Montpelier 
Muscatine(MPW)
Muscatine(GPC)
Buffalo
Middletown
Burlington
Keokuk
100
100
100-car train 
100-car train
43.8
100
100
100
15.0
100100
100
50-car train
100-car train 
100-car train
100-car train, barge 17.6
100 
100 
100
50-car train 100
43.8
100
100100
100100
100
100
100100
100
100
100
100
100
100
15-car 
single-car
15-car
15-car
15-car
100 truck
56.2 15-car
15-car
single-car
15-car
15-car
15-car
100 truck
85.0 truck
18.9 truck 81.1 15-car
100 15-car
11.5 truck 88.5 single-car
56.5 truck 43.5 single-car
100 truck
100 truck
barge
single-car
barge
15-car
15-car
single-car 56.2 truck
15-car
15-car
barge
15-car
barge
15-car
single-car
50-car
single-car
barge
barge
15-car
100 truck
15-car
50-car
barge
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Table 27. Estimated tons of coal transported to Iowa users 
by mode and coal origin under solution II, 1980.
Mode of 
transport
Iowa coal 0ut-of-state coal
Tons Percentage Tons Percentage
Truck 519,730 54.5 0
Rail
Single-car 133,280 14.0 57,950 0.4
15-car 301,080 31.5 1,920,500 12.4
50-car 0 2,543,920 16.4
100-car 0 8,922,120 57.5
Barge 0 2,071.290 13.3
Total 954,090 100.0 15,515,780 100.0
Table 28, Estimated coal consumption by Iowa users by SO« emission level and coal origin under 
solution II, 1980.
Assumed maximum S0„ 
emission standard in 
pounds per million Btu
Iowa
Beneficiated
coal
• Underground Out-of-state coal
Tons Percentage Tons Percentage Tons Percentage
1.2 0 0.0 0 0.0 9,219,050 59.4
5 151,310 23.4 49,150 16.0 1,573,820 10.2
6 194,410 30.0 0 0.0 3,590,940 23.1
8 301,080 46.6 258,140 84.0 1,131,970 7.3
Total 646,800 100.0 307,290 100.0 15,515,780 100.0
MAP 8. Estimated flow of coal from Iowa underground mines and coal beneficiation plants to users under solu* 
tion II, 1980.
Solution III
Solution III is based on Ex Parte 336 rail rates, 
average Iowa FOB strip mine coal prices of $17.33 
per ton, and an assumed 80,000-pound truck load 
limit. Comparing solutions I and III will show the 
impact on the Iowa coal industry of increasing the 
Iowa truck weight limit from 73,280 pounds to
80,000 pounds. Table 29 presents the estimated 1980 
sources of coal supply for solution III. The major 
change in sources of supply from solution I (see table 
21) to solution III is a shift from Illinois coal to Mis­
souri coal. The, distance from Missouri mines to Iowa 
users is relatively short, so reduced trucking costs 
would give Missouri coal a competitive advantage 
over Illinois coal. No change occurs in the number of 
tons of coal supplied by Wyoming and Iowa mines. 
The major reason that no additional coal is supplied 
by Iowa mines is that the increased truck weight 
limit would not provide a large enough transporta­
tion savings to compensate for the additional cost of 
building and operating an additional coal beneficia- 
tion plant. The 80,000-pound truck weight limit 
would reduce the total cost of the 1980 coal require­
ments from $335,675,000 to $334,918,000—a saving 
of $757,000 per year.
Table 30 shows the percentage of coal shipped by 
mode under the 80,000-pound truck weight limit. 
One hundred percent of the Iowa coal would be 
shipped by truck compared with 89 percent in solu­
tion I. The amount of out-of-state coal transported 
by truck would increase from 21,000 tons to over one 
million tons. The proportion of out-of-state coal 
shipped by single-rail car would decrease from 23.3 
percent in solution I to 16.7 percent in the 80,000- 
pound truck weight limit solution. No change would 
occur in the number of tons of out-of-state coal 
shipped by unit train or barge.
An analysis was made of the impact of the
80,000-pound load limit on highway maintenance 
and construction costs for hauling the trucked coal 
from origins to destinations under solution III. Ex-
Table 29. Estimated quantities of coal consumed in Iowa in 
1980 by source of coal under solution III.
Source of 
coal
Tons of 
coal
Percentage of 
total
Wyoming 9,477,160 58.8
Illinois 4,117,190 25.5
Kentucky 0 0
Missouri 922,150 5.7
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine l,293,600a 8.1
Total 16,117,390 100.0
al,680,000 tons of raw coal are required to yield 
1,293,600 tons of beneficiated coal.
Table 30. Estimated tons of coal transported to Iowa users by 
mode and coal origin under solution III, 1980.
Mode of 
transport
Iowa coal Out-of-state coal
Tons Percentage Tons Percentage
Truck 1,600,890 100.0 1,092,600 7.5
Rail
Single-car 0 2,430,490 16.7
15-car 0 0
50-car 0 376,540 2.6
100-car 0 8,545,580 58.9
Barge 0 2,071,290 14.3
Total 1,600,890 100.0 14,516,500 100.0
eluding the impact of the heavier weight on the 
gravel roads serving coal beneficiation plants and 
underground mines, the 80,000-pound weight limit 
would generate about $415,417 of Iowa highway 
maintenance and construction costs. An estimated 
$410,557 would be paid in fuel, license, and use tax­
es by these trucks to offset the highway main­
tenance and construction costs. Modification of the 
bridge weight laws would be required to permit the 
tandem-axle pup-trailer combination to meet the
80,000-pound load limit. The tractor twin-belly 
trailer combination would not require a change in 
the bridge weight laws.
Solution IV
Solution IV is based on an average FOB Iowa 
and Missouri strip mine coal price of $20.06 per ton. 
All other coals are priced at 1977 FOB coal prices 
plus reclamation costs. Iowa and Missouri coal prices 
under solution IV are based on the estimated cost of 
a recently opened Indiana coal mine. Rail rates for 
this solution are at the Ex Parte 336 level.
Table 31 presents the sources of coal consumed
Table 31. Estimated quantities of coal consumed in Iowa in 
1980 by source of coal under solution IV.
Source of 
coal
Tons of 
coal
Percentage of 
total
Wyoming 9,477,160 59.6
Illinois 5,664,200 35.6
Kentucky 0 0
Missouri 0 0
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine 462,000a 2.9
Total 15,910,650 100.0
600,000 tons of raw coal are required to yield 
462,000 tons of beneficiated coal.
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in Iowa in 1980 under solution IV. Wyoming would 
supply almost 60 percent of coal consumed in Iowa, 
or the same number of tons that would be supplied 
by Wyoming under solution I. Illinois would supply 
almost 36 percent of total Iowa coal consumption, 
compared with 30 percent in solution I. Increasing 
the price of Iowa coal would tend to shift the source 
of supply to Illinois and have no effect on the 
amount of Wyoming coal consumed in Iowa.
Under solution IV, one coal beneficiation plant 
would be located at Oskaloosa, Iowa. This plant 
would produce about 462,000 tons of clean coal and 
require 600,000 tons of raw strip mine coal. The
Iowa underground mines would continue to produce 
about 300,000 tons of coal. Thus, total Iowa coal pro­
duction at the $20.06 price would be about 900,000 
tons per year, or 66 percent more coal than was 
mined in Iowa in 1976.
Map 9 shows the flow of coal to the coal 
beneficiation plant at Oskaloosa under solution IV. 
Most of the coal would come from mines located 
within 10 miles of the beneficiation plant, but some 
coal would be trucked as far as 25 miles to the 
beneficiation plant.
Map 10 presents the flow of coal from the Iowa 
underground mines and the beneficiation plant at
31
Table 32. Mode of transport and percentage of 1980 coal consumption by Iowa users and coal origin under solution IV.
Iowa 
destination Percentage
Wyoming Missouri
Iowa underground 
mines
Beneficiation Plant 
at Oskaloosa
Percentage Percentage Mode Percentage Mode Percentage
Spencer(CBPC) 100 single-car
Spencer(SMU) 100 single-car
Sergeant Bluff 100 100-car train
Council Bluffs 100 100-car train
Mason City(LPCC) 100 single-car
Mason City(NSPCC) 100 single-car
Humboldt 100 single-car
Iowa Falls 100 single-car
Cedar Falls(CFU) 100 single-car
Cedar Falls(UNI) 100 single-car
Haterloo(IPSC) 100 single-car
Waterloo(RPC) 100 single-car
Waterloo(JDWTW) 100 single-car
Boone 14.5 single-car 85.5 truck
Ames(AMES) 100 single-car
Ames(ISU) 75.5 single-car 24.5 truck
Marshalltown 19.2 single-car 16.4 truck 64.4 truck
West Des Moines(PDCC) 100 single-car
West Des Moines(MCMC) 3.4 single-car 96.6 single-car
Des Moines 100 50-car train
Pella 100 truck
Chillicothe 100 100-car train
Bridgeport Station 100 truck
Lansing 82.4 100-car train, barge 17.6 barge
Dubuque(CC) 100 single-car
Dubuque(IPC) 100 barge
Dubuque(JJDTW) 100 single-car
Cedar Rapids(IELPC,PC) 100 single-car
Cedar Rapids(IELPC,6th) 100 single-car
Cedar Rapids(WFC) 100 single-car
Clinton(CCPC) 100 single-car
Clinton(EIDNC) 100 single-car
Clinton(IPC) 100 barge
Iowa City 100 single-car
Davenport(LSPC) 100 barge
Davenport(OMC) 100 single-car
Davenport(RPC) 100 single-car
Bet tendor f(IIGEC) 100 single-car
Bettendorf(JIC) 100 single-car
Montpelier 100 barge
Muscatine(MPW) 100 barge
Muscatine(GPC) 100 single-car
Buffalo 100 truck
Middletown 100 single-car
Burlington 100 single-car
Keokuk 1Ò0 barge
Oskaloosa. The area served by Iowa coal under solu- be about $338,830,000. Thus, the total cost of satisfy-
tion IV would be restricted to central Iowa. Table 32 
shows the percentage of coal received from each 
source of coal and the mode of transport under solu­
tion IV. Most of the Iowa coal would move by truck. 
All the Iowa coal shipped to West Des Moines would 
move in single-car rail shipments.
Solution V
ing the 1980 coal requirements at the Iowa and Mis­
souri FOB price of $20.06 per ton would decline by 
about $9,100,000 per year under multiple-car rates 
as opposed to existing Ex Parte 336 rail rates. The 
multiple-car rates, however, have a substantial 
depressing effect on Iowa coal mining because the 
rate reductions on out-of-state coals are considerably 
larger than on the short intrastate rail shipments.
Solution V is based on an average FOB Iowa and 
Missouri coal price of $20.06 per ton and on the 
estimated multiple-car rail rates. All other coals are 
priced at 1977 FOB mine prices plus reclamation 
costs.
Table 33 presents thé sources of coal consumed 
in Iowa in 1980 under solution V. Wyoming would 
supply over two-thirds of the coal consumed in Iowa, 
the same tonnage as under solution II. Illinois would 
supply about 31 percent of total coal consumption. 
No Iowa strip mine coal would be used, but the un­
derground mines in Iowa would continue to operate 
at present capacities.
The estimated total cost of supplying coal to Iowa 
users under solution V would be about $329,725,000, 
while the estimated total cost of solution IV would
Table 33. Estimated quantities of coal consumed In Iowa In 
1980 by source of coal under solution V.
Source of 
coal
Tons of 
coal
Percentage of 
total
Wyoming 11,096,220 67.4
Illinois 5,055,730 30.7
Kentucky 0
Missouri 0
Iowa
Underground mine 307,290 1.9
Beneflciated strip mine 0
Total 16,459,240 100.0
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The estimated rate reductions for 50-car trains from 
single-car shipments range up to $6.13 and $4.34 per 
ton for Wyoming and Illinois coal, respectively, but 
up to only $2.46 per ton from Iowa. Most of the Iowa 
rate reductions were less than $1.50 per ton.
Table 34 shows the percentage of each coal user’s 
total coal consumption by origin and mode of 
transport under solution V. As in solution II, seven 
large Iowa coal users would receive coal from Wyo­
ming in unit trains. Two users would receive coal 
from Illinois in 50-car trains, and 21 users would re­
ceive coal from Illinois in 15-car rail shipments. All 
Iowa coal would be shipped by truck.
Solution VI
Solution VI is based on a two-tier price system, 
which evaluates the implications of two levels of 
FOB coal prices, and on Ex Parte 336 rail rates. The 
first tier of prices is based on the 1977 FOB prices 
($13.48 per ton) plus reclamation costs for Iowa and
Missouri coal. The second tier of prices is based on 
an average FOB Iowa strip mine price of $17.33 per 
ton.
One mine producing up to 50.000 tons per year of 
raw strip mine coal per township at 1977 FOB mine 
prices ($13.48 per ton) plus reclamation cost was as­
sumed in solution VI (23). A second mine in each 
township was assumed to produce up to 70,000 tons 
of raw strip mine coal per year at an average FOB 
mine price of $17.33. By these assumptions, up to
1.200.000 tons of raw strip mine Iowa coal could be 
produced at the first tier of prices, and up to
1.680.000 tons of raw strip mine Iowa coal could be 
produced at the second tier of prices (23). By as­
sumption, up to 1,000,000 tons of cleaned Missouri 
coal would be available at the first tier of prices, and 
an additional 1,500,000 tons would be available at 
the second tier.
Table 35 shows sources of coal consumed in Iowa 
under solution VI. The amount of Wyoming coal 
that would be shipped to Iowa remains the same as
Table 34. Mode of transport and percentage of 1980 coal consumption by Iowa users and coal origin under Solution V.
Iowa
_____ ijestlnaflnn_______
Spencer(CBPC)
Spencer(SMU)
Sergeant Bluff 
Council Bluffs 
Mason City(LPCC)
Mason City(NSPCC) 
Humboldt 
Iowa Falls 
Cedar Falls(CFU)
Cedar Falls(UNI) 
Waterloo(IPSC)
Waterloo(RPC)
Waterloo(JDWTW)
Boone
Ames(AMES)
Ames(ISU)
Marshalltown
West Des Moines(PDCC)
West Des Moines(MCMC)
Des Moines
Pella
Chillicothe 
Bridgeport Station 
Lansing 
Dubuque(CC)
Dubuque(IPC)
Dubuque(JJDTW)
Cedar Rapids(IELPC,PC) 
Cedar Rapdds(IELPC,6th) 
Cedar Rapids(WFC) 
Clinton(CCPC) 
Clinton(EIDNC) 
Clinton(IPC)
Iowa City 
Davenport(LSPC) 
Davenport(OMC)
Davenport(RPC) 
Bettendorf(IIGEC) 
Bettendorf(JIC) 
Montpelier 
Muscatine(MPW)
Muscatine(GPC)
Buffalo
Middletown
Burlington
Keokuk
Wyoming___________ _____ Illinois
Percentage Mode Percentage Mode
100 15-car
100 single-car
100 100-car train
100 100-car train
100 15-car
100 15-car
100 15-car
85.5 single-car
100 15-car
100 single-car
100 15-car
100 15-car
100 15-car
100 15-car
100 15-car
88.3 15-car
100 50-car train
23.4 single-car
64.1 15-car
100 100-car train
100 100-car train
82.4 100-car train, barge 17.6 barge
100 single-car
100 barge
100 15-car
100 50-car train
100 15-car
100 15-car
100 15-car
100 15-car
100 barge
100 15-car
100 barge
100 15-car
100 single-car
100 50-car
100 single-car
100 barge
100 barge
100 15-car
100 truck
100 15-car
100 50-car
100 barge
Iowa underground
Missouri _____ mines____
_Percentage Mode Percentage Mode
1 4 .5 truck
1 1 .7 truck
7 6 .6 truck
3 5 .9 truck
l o o truck
100 truck
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Table 35. Estimated quantities of coal consumed in Iowa in 
1980 by source of coal under solution VI.
Source of 
coal
Tons of 
coal
Percentage of 
total
Wyoming 9,477,160 58.6
Illinois 3,566,020 22.1
Kentucky 0 0
Missouri 1,000,000 6.2
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine 1;817,200a 11.2
Total 16,167,670 100.0
a2,360,000 tons of raw coal are required to yield 
1,817,200 tons of cleaned coal.
in other solutions based on Ex Parte 336 rail rates. 
The Illinois share of Iowa coal consumption would 
drop to 22 percent of total consumption. Missouri 
would sell 1,000,000 tons of coal to Iowa users. No 
second-tier Missouri coal would be consumed in 
Iowa. Iowa strip mines would produce 2,360,000 tons 
of raw coal—the entire amount of first-tier priced 
coal plus 964,000 tons at the second-tier price. Total 
Iowa coal consumption under this solution including 
the underground mine coal would be 13.1 percent of 
total consumption, or 2,124,490 tons per year in 
1980.
Solution VI provides for three Iowa coal 
beneficiation plants. These plants are located at
Donnelley, Tracy, and Oskaloosa. Map 11 shows the 
flow of coal from mines to these beneficiation plants. 
The maximum distance that coal would be hauled 
from mines to beneficiation plants is about 25 miles.
Map 12 shows the flow of underground mine and 
beneficiated strip mine coal to user locations under 
solution VI. The first-tier prices are the only prices 
that would permit beneficiated Iowa coal to be used 
in northwestern Iowa and to gain a very large share 
of the central and east-central Iowa coal market.
The percentage of each user’s total coal consump­
tion that would be received from each coal origin 
and the mode of transport for hauling the coal is 
shown in table 36. Under this solution, Iowa coal is 
the dominant coal at all central and east-central 
users except at Marshalltown and Waterloo. 
Marshalltown would receive 75 percent of its coal 
from Missouri. Waterloo would receive 100 percent 
of its coal from Illinois.
Spencer and Humboldt coal users would receive 
Iowa coal by rail from the coal beneficiation plant at 
Donnelley. The estimated truck rates from Don­
nelley to Humboldt and Spencer are $6.89 and $9.25 
per ton, respectively. The single-car rail rates from 
Donnelley to Humboldt and Spencer are $6.31 and 
$6.64 per ton, respectively. For the movement of coal, 
truck transport is cheaper than rail up to about 140 
miles hauling distance. Beyond that distance, single­
car rail rates are less than the estimated truck rates.
Table 37 shows the distribution of Iowa and out- 
of-state coal by sulfur emission standard. Coal users 
with the 5-pound sulfur dioxide emission standard 
would use about half of the beneficiated Iowa coal.
MAP 11. Estimated flow of coal from Iowa strip mines to coal beneficiation plants under solution VI, 1980.
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MAP 12. Estimated flow of coal from Iowa underground mines and coal beneflciation plants to users under solu­
tion VI, 1980.
Table 36. Mode of transport and percentage of 1980 coal consumption by Iowa users and coal origin under solution VI.
Iowa __________
_____destination_________ Percentage
Spencer(CBPC)
Spencer(SMU)
Sergeant Bluff 100
Council Bluffs 100
Mason City(LPCC)
Mason City(NSPCC)
Humboldt 
Iowa Falls 
Cedar Falls(CFU)
Cedar Falls(UNI)
Waterloo(IPSC)
Waterloo(RPC)
Waterloo(JDWTW)
Boone
Ames(AMES)
Ames(ISU)
Marshalltown
West Des Moines(PDCC)
West Des Moines(MCMC)
Des Moines iqo
Pella
Chillicothe jqq
Bridgeport Station 
Lansing g2 .4
Dubuque(CC)
Dubuque(IPC)
Dubuque(JJDTW)
Cedar Rapids(IELPC,PC)
Cedar Rapids(IELPC,6th)
Cedar Rapids(WFC)
Clinton(CCPC)
Clinton(EIDNC)
Clinton(IPC)
Iowa City 
Davenport(LSPC)
Davenport(OMC)
Davenport(RPC)
Bettendorf (IIGEC).
Bettendorf(JIC)
Montpelier 
Muscatine(MPW)
Muscatine(GPC)
Buffalo
Middletown
Burlington
Keokuk
Wyoming 
______ Mode
100—car train 
100-car train
50-car train 
10 0-car train 
1 00-car train, barge
______Illinois____
Percentage Mode
100 single-car
100 single-car
15.1 single-car
30.8 single-car
100 single-car
100 single-car
100 single-car
17.6 barge
100 single-car
100 barge
100 single-car
26.8 single-car
100 single-car
100 single-car
100 barge
100 barge
100 single-car
100 single-car
100 single-car
100 single-car
100 barge
100 barge
100 single-car
100 barge
Iowa underground Beneflciation plants at Tracy,
Missouri_____  ______mines_____ Oskaloosa, and Donnelley
Percentage Mode Percentage Mode Percentage Mode
39.0 single—car 61.0 single-car
100 single—car
100 single-car
100 truck
84.9 truck
69.2 truck
75.7 truck
100 truck
100 truck
56.4 truck 4 3 .6 truck
14.9 truck 9 .4 truck
{ 40 single1 60 truck
100 truck
100 truck
». 73.2 truck
100 truck
100 truck
100 truck
100 truck
100 truck
100 truck
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Table 37, Estimated coal consumption by Iowa users by S0„ emission level and coal origin under 
solution VI, 1980.
Assumed maximum S0„ 
emission standard In 
pounds per million Btu
Iowa
Beneficiated
coal
Underground Out-of-state coal
Tons Percentage Tons Percentage Tons Percentage
1.2 0 0 9,219,050 65.7
5 922,860 50.8 0 533,100 3.9
6 316,490 17.4 0 3,565,390 25.4
8 577,850 31.8 307,290 100.0 705,640 5.0
Total 1,817,200 100.0 307,290 100.0 14,043,180 100.0
Coal users with the 8-pound sulfur dioxide emission 
standard would use about one-third of the 
beneficiated Iowa coal, while the remainder would 
be consumed by users with the 6-pound standard.
Solution VII
Solution VII is based on the same two-tier price 
structure used in solution VI, but the estimated 
multiple-car rail rates are substituted for the Ex 
Parte 336 rail rates.
Table 38 shows the estimated 1980 sources of 
coal for solution VII. Consumption of Wyoming coal 
in Iowa would increase by about 1.6 million tons per 
year over solution VI. Reductions would occur in the 
consumption of Missouri and Iowa coal. The large 
increase in Wyoming and Illinois coal would occur 
because 50- and 100-car train rates out of Wyoming 
and Illinois provide larger reductions in per-ton 
transportation rates than from Missouri and Iowa.
While the large increase in the consumption of 
Wyoming and Illinois coal would result in lower con-
Table 38. Estimated quantities of coal consumed in Iowa in 
1980 by source of coal under solution VII.
Source of 
coal
Tons of 
çoal
Percentage of 
to tal
Wyoming 11,096,220 67.0
Illinois 3,702,370 22.3
Kentucky 0
Missouri 305,070 1.8
Iowa
Underground mine 307,290 1.9
Beneficiated strip mine 1,164,750a 7.0
Total 16,575,700 100.0
al,512,662 tons of raw coal are required to yield 
1,164,750 tons of beneficiated coal.
sumption of Iowa coal, it would also lower the total 
cost of Iowa coal requirements. The total cost to 
satisfy the projected 1980 coal requirements under 
solution VI would be about $333,100,000, while the 
total cost would fall to $326,500,000 under solution 
VII. Thus, multiple-car rates create net savings to 
Iowa coal users of $6,600,000 from solution VI.
Table 39 shows the amount of coal that would be 
hauled by transport mode. The combination of the 
two-tier price structure and multiple-car rail rates 
would permit some Iowa coal to be competitive in 
northwestern and north-central Iowa. Under 
multiple-car rates, railroads would haul about 40 
percent of the Iowa coal production.
Table 39. Estimated tons of coal transported to Iowa users by 
mode and coal origin under solution VII, 1980.
Mode of 
transport
Iowa coal Out-of-state coal
Tons Percentage Tons Percentage
Truck 873,180 59.3 54,480 0.4
Rail
Single-car 65,620 4.5 36,140 0.2
15-car 370,170 25.1 1,225,120 8.1
50-car 163,070 11.1 2,794,510 18.5
100-car 0 8,922,120 59. 1
Barge 0 2,071,290 13.7
Total 1,472,040 100.0 15,103,660 100.0
Solution VII provides for two Iowa coal beneficia- 
tion plants. These plants would be located at 
Oskaloosa and Donnelley. Map 13 shows the flow of 
coal from strip mines to these beneficiation plants.
Map 14 shows the flow of underground mine and 
beneficiated strip mine coal to users under solution 
VII. The estimated multiple car rates would permit 
beneficiated Iowa coal to be used as far as Mason 
City and Buffalo.
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MAP 13. Estimated flow of coal from J77N 
Iowa strip mines to coal 
beneficlation plants under 
solution VII, 1980.
T76N
*  Potential Benificiation Plant
*  Potential Strip Mine 
Railroad
T75N
T74N
T73N
T72N
T71N
R21W R20W R19W R18W R17W R16W R15W R14W
MAP 14. Estimated 1980 flow 
of coal from under­
ground mines and 
coal beneficiation 
plants to users under 
solution VII.
' A r  Beneficiation Plant 
■  Underground Mine
Solution VIII
Davenport •/Bettendorf
Using the model and data developed for this 
study, Eldridge developed a solution based on 1977 
FOB mine prices and Ex Parte 336 rail rates (10). 
This solution indicated that these prices and 
transportation rates would result in the identified 
potential strip mines producing 3.29 million tons of 
raw coal in 1980. Four coal beneficiation plants 
located at Oskaloosa, Durham, Donnelley, and 
Bridgeport Station produce 2,533,300 tons of clean 
coal.
The Eldridge solution assumes .that new mines 
would be opened and operated in Iowa at 1977 FOB
mine prices plus reclamation costs. Analysis of 1977 
mining costs indicates that only highly efficient 
mining operations could open and operate new 
mines in Iowa at existing 1977 FOB mine prices 
plus reclamation costs. The estimated cost of open­
ing, operating, and reclaiming a 70,000-ton mine un­
der highly efficient operations would be about 
$12.73 per ton, while the estimated average 1977 
FOB Iowa mine price is $13.48 per ton. The mining 
cost analysis further indicated, however, that the 
cost of opening and operating new mines—including 
profit—in Iowa under typical mining operations 
would be $2.00 per ton greater than the 1977 Iowa 
FOB strip mine price plus reclamation cost.
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APPENDIX A: PROCEDURE FOR ESTIMATING TH E LOCATIONS AND QUANTITIES 
OF OBTAINABLE STRIPPABLE COAL RESERVES IN IOWA3
An Iowa Geological Survey report (15) 
(hereinafter referred to as the "Eleven-County 
Report”) identified coal-bearing and potential coal­
bearing strata in an area that includes the bulk of 
Iowa’s past and present coal mining activity. In ad­
dition, the Eleven-County Report contained maps 
that delineated the thickness of unconsolidated 
material overburden—sand, gravel, loess, till, and 
soil—defined as earth material not consolidated into 
a rock unit. Iowa State University earth scientists 
have superimposed negatives of these maps, produc­
ing a composite map that can be used to identify 
areas with potential coal-bearing strata accessible to 
strip mining techniques. By using this composite 
map, an area of approximately 3x/2 counties was de­
lineated as the principal future source of Iowa strip 
mine coal. This procedure established the township, 
as delineated by township and range coordinates 
(not to be confused with political townships), as the 
basic unit for data accumulation in this study.
Coal strip mine production in the range of 50,000 
to 100,000 tons per year is small by industry stan­
dards. The constraints on Iowa coal strip mine pro­
duction are due to the nature and size of the de­
posits. Iowa coal is deposited in lenticular forma­
tions in thin seams, and there is inconsistency in 
quality from one deposit to the next that discourages 
large mining operations because of the risk involved.
The major criteria used in categorizing the Iowa 
Geological Survey coal data were quantify, sulphur
This section was adopted from Eldridge, Charles Lane, The poten­
tial for improved transportation of raw and beneficiated coal in 
Iowa. M.S. thesis. Iowa State University, Ames, Iowa, November 
1977.
content, and Btu content. The procedure for estimat­
ing obtainable strip mine coal reserves is as follows:
[61 QNi =  Q sf-[0.25Q gf (Q ^ K ^ R E ]
(i =  1,..., 16)
[7] QNi =  QSW 1 -^33 Q^w (Q*w) ‘K ^ R E ]
(i =  1, ...,4,9,..., 12)
[8] QNj =  QSN,WSW- [0.167Qs^ wsw (qnwsw)-ik nwr e
+ 0.167 Q^WSW(Q^WSW) XKSWRE1
(i =  5,6,7,8)
[9J QRi =  0.9Q Ni
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[1 0 ] QBi= (3 6 ) ‘ I  c u  Q
j = 1
where
Qjf =  original reserves in the i th township (i 
counting from west to east, north to south for each 
county) in the southeast quadrant of a county,
QsiW =  strip  m ineable reserves in the 
ith township in the northwest quadrant of a county, 
assuming no past mining activity,
QNi =  net strip mineable reserves in the i th 
township of a county having corrected for past min­
ing activity in the relevant quadrant,
QRi =  recoverable strip mine reserves having ac­
counted for coal loss due to mining,
R =  estimated removal of coal from a county as 
a result of past mining activity,
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Kse =  the percentage of past mining activity at­
tributed to the southeast quadrant of a county,
E =  inverse of assumed shaft mining efficiency,
Uj =  the percentage of land area in township i 
with coal-bearing strata and 50 feet or less of un­
consolidated material overburden,
Cy =  the percentage of land area with coal- 
bearing strata with 50 feet or less of unconsolidated 
material overburden in township i and section j that 
has been excluded from consideration because it is 
flat agricultural land or lies beneath towns, rivers, 
reservoirs, and roads, and
QBi =  obtainable strip mine reserves with less 
than 50 feet of unconsolidated overburden material 
that does not lie under towns, rivers, reservoirs, 
roads, and flat agricultural land.
Equation [6] estimates a QNifor counties contain­
ing 16 townships. Equation [7] estimates a QNi for 
12-township counties excluding the horizontal 
center tier of four townships. Equation [8] estimates 
a QNi for the horizontal center tier of four townships 
in a 12-township county.
Only coal seams 28 inches or thicker enter into 
the calculations. This procedure underestimates the 
amount of recoverable reserves if seams less than 28 
inches occur at less than 150 feet below the surface. 
Coal less than 150 feet below the surface is 
categorized as being strip mineable.
Equations [6] through [8] correct raw data on 
strip mineable reserves obtained from the Iowa 
Geological Survey for past mining activity. 
Although underground mining was the principal 
method of coal extraction in Iowa’s history, much of 
the coal recovered from this past mining activity is 
now considered strip mineable. Data on past mining 
activity were provided by the Iowa Geological 
Survey by county quadrant. The underlying assump­
tion in equations [6] through [8] is that past mining 
activity was uniformly distributed throughout the 
quadrant. The 0.25 coefficient in equation [6] reflects 
the assumption that 25 percent of the past mining 
activity in a four-township quadrant can be as­
sociated with any single township in that quadrant. 
Similar reasoning is associated with equation [7] for 
counties with quadrants containing fractional 
townships totaling three townships in area. Figure 
A-l illustrates the technique used in equation [8]. 
Townships are labeled 1 through 12 and correspond 
to the i subscripts in ' equations [7] and [8]. The 
dotted lines represent county quadrants labeled "I” 
through "IV.” Quadrant lines in a 12-township coun­
ty bisect the center tier of townships, resulting in 
four 18-section areas labeled "a” through "d.” The 
assumption of a uniform distribution of past mining 
activity within a county quadrant indicates that 
one-sixth, or 16.7 percent, of past coal production can 
be associated with any 18-section area in that 
quadrant. The average of past coal production data 
for areas a and c (or b and d) will estimate the past
1 2 1 
l
I | II
4
5 6 7 8
a b
c d 1
9 10 11 12
III IV
Fig. A-1. Illustration of the technique used for the calculation 
of CL( for the horizontal tier of townships in a 12- 
township county.
coal mining activity in townships 5 and 6, respec­
tively.
The expression E represents the inverse of the 
assumed shaft mining efficiency. In this study, shaft 
mining efficiency is assumed to be 50 percent, in­
dicating that half of the coal present is lost to future 
recovery as a result of underground mining (22). 
Estimates of actual coal extraction (R) are, 
therefore, doubled to indicate actual depletion of re­
serves.
Equations [6] through [8] estimate net coal re­
serves (QNi) corrected for past mining activity. 
Equation [9] further adjusts the reserve estimate by 
the assumed 90-percent efficiency of a strip mine 
(22). Equation [10] defines obtainable strip mine re­
serves as that portion of the coal-bearing strata with 
less than 50 feet of unconsolidated overburden 
material, corrected for previous mining and for strip 
mining efficiency, that does not lie under towns, 
waterways, reservoirs, roads, and flat land.
The recoverable strip mine reserve figure (QKj) 
only is a valid estimate of future production if 100 
percent of the township containing coal-bearing 
strata were to be strip mined. The problem of 
further data correction becomes one of identifying 
potential Iowa coal-producing land that Iowa coal 
producers may be unable to purchase or lease for 
mining.
The Eleven-County Report identifies coal-bearing 
strata and unconsolidated material overburden in the 
selected region. Limiting the comparatively small 
projected Iowa mines to coal-bearing strata with 50 
feet or less of unconsolidated overburden affords a 
percentage reduction (u.) of coal reserve data com­
mensurate with the estimated maximum overburden- 
removal capacities of the smaller coal producer. This 
analysis was accomplished by using the Eleven- 
County Report composite map and a grid overlay on a
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township basis. The United States Department of the 
Interior Geological Survey topographical maps were 
studied on a section basis with a grid overlay to de­
termine percentage land-area reductions for such ob­
vious mineable land exclusions as cities, reservoirs, 
rivers, floodplains, highways, and county roads. In ad­
dition, prime agricultural land was identified by us­
ing topographical map contour lines to indicate flat 
areas. The exclusion of prime agricultural land not 
only reflects the economic difficulties in obtaining 
such highly productive cropland for conversion to coal 
mining, but also corrects data to reflect the economic 
desirability of mining the more rugged terrain, where
coal strata intersect or more nearly intersect the sur­
face.
Small coal strip mines, in the production range 
projected for Iowa, are limited to a maximum 
highwall of 70 feet. The highwall is the number of feet 
of earth material that must be removed to expose the 
coal seam. The data received from the Iowa 
Geological Survey include coal seams that are 150 
feet deep or less. By correcting the quantity data for 
prime agricultural land, where the bulk of the deeper 
coal is deposited, no further corrections are necessary 
to reduce estimated strip mineable reserves. The re­
sults of the coal quantity analysis appear in table A-l.
Table A-l. Estimated coal supply by township in a selected Iowa coal producing area, 1977.
Percent of area with coal-
bearing strata with 50 feet
Percent of township with or less of unconsolidated Scalar Recoverable strip Obtainable strip Average percent
coal-bearing strata with material. overburden that is transformation mine reserves mine reserves (Q_.) sulphur found in
50 feet or less of not under flat land, cities, (u.) (c .) as (Q_.) in millions coal samples in
Township Range unconsolidated material rivers, reservoirs, roads 1 1 in millions of the relevant
North West overburden (u.)i or highways (c..) a percent of tons tons county quadrant
73 17 34.3 50.7 17.4 24.3 4.7 3.11
73 16 36.4 27.5 10.0 17.1 1.7 3.11
73 18 94.4 40.7 38.5 24.5 9.4 3.24
72 16 20.2 64.0 12.9 10.1 1.3 4.27
72 17 16.0 76.8 12.3 8.7 1.1 4.27
75 20 97.2 59.7 58.0 22.6 13.1 5.25
75 21 79.9 60.7 48.5 25.0 12.-1 5.25
76 19 44.4 43.0 19.1 20.0 3.8 5.25
77 21 56.9 26.4 15.0 23.9 3.6 5.25
77 20 41.7 36.2 15.1 21.6 3.3 5.25
76 18 27.7 57.5 15.9 17.6 2.3 5.25
76 21 42.4 71.0 30.1 6.1 1.3 5.25
77 19 22.9 60.8 13.9 11.2 1.6 5.25
76 20 37.5 53.4 20.1 7.4 1.5 5.25
74 18 91.7 27.6 25.3 76.8 19.- 5.33
75 19 63.2 52.5 33.2 47.1 15.6 5.33
75 18 39.5 36.8 14.6 21.4 3.1 5.33
72 15 41.0 52.8 21.6 20.7 4.5 5.49
73 15 13.2 52.5 6.9 15.6 i.i 5.49
75 15 20.8 52.1 10.8 46.1 5.0 5.60
74 17 81.3 38.5 31.3 24.5 7.7 5.83
75 17 18.1 28.9 5.2 77.1 4.0 5.83
74 16 27.6 18.0 5.0 49.5 2.5 5.83
75 16 41.0 35.2 14.4 16.4 2 • 4 5.83
APPENDIX B: ESTIMATED BITUMINOUS COAL MINING CO ST
Mining costs are estimated for a 70,000-ton-per- 
year bituminous coal strip mine, with an average 
50-foot highwall and an average 30-inch seam, at 
mid-1977 price levels. The mine is assumed to have 
a 10-year life. The estimates reflect the cost of open­
ing a mine in southeastern Iowa. Three levels of cost 
are considered:
1. the low-cost estimate—$12.73/ton selling 
price of raw coal, FOB mine—represents an "effi­
cient” Iowa operation;
2. the average-cost estimate—$17.33/ton selling 
price of raw coal, FOB mine—represents a "typical” 
Iowa operation; and,
3. the high-cost estimate—:$20.06/ton selling
price of raw coal, FOB mine—is based upon a 
60-70,000 ton stripping operation opened during the 
1976-77 winter.
Total estimated production cost is stratified into 
the following components: investment, labor, main­
tenance and repair, fuel, shooting material, land 
lease, exploration, property tax, liability insurance, 
clerical, electric power, and mine erection. These 
costs include estimated reclamation costs imposed 
by the Surface Mining Control and Reclamation Act 
of 1977 (33). The division of total estimated produc­
tion cost by 0.85—thereby adding a 15-percent profit 
on sales—results in the estimated FOB mine selling 
price.
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Table B-l. Investment requirement by type of strip mine, mid-1977 price levels, Iowa.
____________ Equipment_____________
Payloader, 966C Cat, 3-yard bucket
Payloader, 988 Cat, 6-yard bucket
Bulldozer, D8 Cat with ripper
Bulldozer, D8 Cat
Grader, 12 Cat, used
Grader, 12 Cat, new
Scraper, 627 Cat
Dragline, 5 yard diesel
Dragline, 8 yard diesel
Blast Drill, 5 inch, 50 foot
Blast Drill, 8 inch, 50 foot
Coal drill
Office, trailer
Office, trailer
Office, workshop
Welding equipment
Pump, 6 inch diesel
Personnel truck, 3/4 ton
Service truck, 2 ton
Tools and shop
Parts inventory
Service life 
in years
Unit
cost
3 $ 90,000
3 160,000
3 300,000
3 250,000
10 15,000
10 75,000
3 180,000
20 800,000
20 1,200,000
20 70,000
20 238,000
5 10,000
20 15,000
20 30,000
20 75,000
20 7,000
4 5,000
4 6,000
5 7,000
10 10,000
10 90,000
Number of units used 
by type of mine
Salvage value 
in percent
Low
cost
Average
cost
High
cost
35 1 2 1
35 0 0 1
35 1 1 1
35 0 1 1
10 1 1 0
10 0 0 1
30 1 1 1
10 1 0 0
10 0 1 1
10 1 1 0
10 0 0 1
10 1 1 1
0 1 0 0
0 0 1 0
0 0 0 1
10 1 1 1
10 1 1 1
30 2 2 2
10 0 0 3
0 0 1 0
10 0 0 1
Source: Mining industry representatives.
Investment Cost
The number and types of equipment assumed to 
be utilized by each type of mining operation are 
shown in table B-l. These costs are converted to an­
nual costs by the following equation (30, p. 620):
[111 AEC =  P { i(l +  i)n[(l +  i)n - 1 ]1} -
S {i[(l +  i)" - l ] 1}
where
AEC =  annual interest and capital recovery,
P =  purchase price,
S =  salvage value, 
i =  interest rate of 10% per year, and 
n =  years of service life.
Dividing annual cost by the annual production 
yields the cost per ton. The estimated annual and 
per-ton investment cost for the three types of mine 
are shown in table B-2.
Operating Cost
Labor
The three operations considered are assumed to 
employ the types and number of mine workers 
shown in table B-3. These mine workers are as­
sumed to be nonunion, working 2,000 hours per 
year. The estimated annual and per-ton wage costs 
in table B-4 reflect the hourly wages increased by 10
Table B-2. Estimated investment cost by type of strip mine, 
mid-1977 price levels, Iowa.
________Type of mine___________
Low Average High
cost cost cost
Annual investment cost $284,195 $434,636 $507,147
Cost per ton 4.06 6.21 7.25
Table B-3. Labor requirements by type of strip mine, 
mid-1977 wage levels, Iowa.
Number of mine workers 
employed by type of mine
Type of Wage per hour Low Average High
mine worker____excluding benefits cost_____ cost____ cost
Dragline operator $7.75 2 2 2
Dragline oiler 5.00 2 2 2
Dozer operator 6.75 0 1 2
Dozer-grader operator 6.75 1 0 0
Dozer-scraper operator 6.75 0 1 0
Scraper-grader operator 6.75 1 0 0
Scraper operator 6.75 0 0 1
Fayloader operator 6.75 1 2 2
Drill operator 6.75 2 2 2
Supervisor-mechanic 8.00 1 2 2
Source: Mining industry representatives.
Table B-4. Estimated labor cost including benefits by type of 
strip mine, mid-1977 wage levels, Iowa.
Type of mine
Low Average High
cost cost cost
Annual wage cost $161,400 $196,800 $213,000
Cost per ton 2.31 2.81 3.04
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percent for black-lung compensation plus an addi­
tional 10 percent for social security and other 
benefits.
Maintenance and repair
The average annual maintenance and repair cost 
varies by equipment service life. Table B-5 displays 
the estimated maintenance and repair cost by type 
of mine.
Table B-5. Estimated maintenance and repair cost by type of strip 
mine, mid-1977 price level, Iowa.
Type of mine
Low Average High
cost cost cost
Annual maintenance
and repair cost $105,067 $156,232 $183,649
Cost per ton 1.50 2.23 2.62
Source: Mining industry representatives.
Fuel
Both diesel fuel and gasoline are required by the 
three mining operations. The estimated per-ton 
diesel fuel and gasoline costs are presented in table 
B-6.
Table B-6. Estimated fuel requirement by type of strip mine, 
mid-1977 price levels, Iowa.
Type of mine
Low Average High
cost cost cost
Diesel cost per ton $0.55 $0.79 $1.25
Gasoline cost per ton 0.02 0.03 0.03
Total $0.57 $0.82 $1.28
Source: Mining industry representatives.
Shooting material
Explosives, primers, and other shooting material 
are assumed to cost $0.70 per ton.
Land lease
Royalties paid to Iowa land owners for mining 
rights are assumed to be $0.60 per ton of coal mined 
for the efficient Iowa mine, $0.70 per ton for the 
typical Iowa mine, and $0.80 per ton for the high- 
cost type of mining operation.
Exploration
According to mining industry representatives, 
exploration to locate and quantify coal reserves costs 
about $0.40 per ton.
Property tax
In the estimation of assessed property value, 
equipment is assumed to depreciate uniformly 
throughout its service life; trucks are excluded from 
taxable property. The estimated average annual and 
per-ton costs for the three types of mine are shown 
in table B-7.
Table B-7. Estimated property tax on equipment by type of 
strip mine, mid-1977 price levels, Iowa.
Type of mine
Low Average High
cost cost cost
Average annual property tax $11,796 $18,322 $21,730
Cost per ton 0.17 0.26 0.31
Liability insurance
Assumed personal liability insurance cost is 
$0.13 per ton for each of the three types of mining 
operations.
Clerical
The cost of clerical employees is assumed to be 
$0.05 per ton for each of the three types of mining 
operations.
Electric power
Electricity is assumed to cost $0.09 per ton for 
each of the three types of mining operations.
Mine erection
During the 3-month, nonproductive erection 
period of a new Iowa strip mine, all the preceeding 
cost components—except land-lease cost (which is 
based upon tons of coal production) and exploration 
cost—are incurred. Given the projected 700,000-ton 
product over the lifetime of the new mine, estimated 
erection cost is $0.24 per ton for the efficient Iowa 
mine, $0.33 per ton for the typical Iowa mine, and 
$0.38 for a high-cost type of mine.
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Total Cost
Total estimated cost for the three types of mine 
is displayed in table B-8. Total estimated mining 
cost is divided by 0.85, thereby adding 15 percent 
profit on sales to the FOB mine selling price.
Reclamation Cost
The total estimated costs (table B-8) include the 
$1.93 reclamation costs estimated by mining in­
dustry representatives to result from the Surface 
Mining Control and Reclamation Act of 1977.
Table B-8. Estimated mining cost and FOB mine selling price
by type of strip mine mid-1977 price levels, Iowa.
_______________ Type of mine_____________
Cost item Low cost Average cost High cost
-Dollars per ton-
Investment $ 4.06 $ 6.21 $ 7.25
Labor 2.31 2.81 3.04
Maintenance and repair 1.50 2.23 2.62
Fuel 0.57 0.82 1.28
Shooting material 0.70 0.70 0.70
Land lease 0.60 0.70 0.80
Exploration 0.40 0.40 0.40
Property tax 0.17 0.26 0.31
Liability insurance 0.13 0.13 0.13
Clerical 0.05 0.05 0.05
Electric power 0.09 0.09 0.09
Mine erection 0.24 0.33 0.38
Total mining cost $10.82 $14.73 $17.05
Total FOB mine 
price $12.73 $17.33 $20.06
APPENDIX C: ESTIMATED COAL 
TRUCKING COSTS4
Methodology
In the model used to estimate the cost of truck­
ing coal, costs are divided into three components: 1) 
variable costs, which are associated with trip dis­
tance, 2) fixed costs, and 3) transfer costs, which are 
a function of loading and unloading cost. Total cost 
can be represented by the following equation:
[121 TC =  FCV + VCnM v + TRV
4 This appendix was adopted from Eldridge. Charles Lane. The 
potential for improved transportation of raw and beneficiated coal 
in Iowa, MS. thesis. Iowa State University, Ames, Iowa. No­
vember 1977
where for vehicle-type v
TCV = total cost per year,
FCV =  fixed cost per year,
VCv =  variable cost per mile,
Mv =  total miles per year, and 
TRV = transfer cost per year.
Variable cost includes fuel, oil and oil filters, 
tires, and driver wages converted to a cost per mile 
as follows:
[13] fuel cost per mile =  (fuel cost per gallon) 
(miles per gallon),
[14} oil and oil filter cost per mile =  (oil and oil filter 
cost per change) -r- (miles per oil change),
[15] tire cost per mile =  (tire cost per tire) x (tires 
per vehicle) (miles per vehicle), and
[16] driver wage per mile =  (wage per hour) 
(miles per hour).
Fixed costs include interest and depreciation (i.e., 
capital recovery), license fees, insurance, highway use 
taxes, overhead expense, and maintenance and re­
pairs.
Once purchase price, salvage value, interest rate, 
and service life are obtained for the equipment, an­
nual equivalent cost can be computed by equation 
[111.
This analysis assumes an interest rate of 10 per­
cent per year. No provision is made in the analysis for 
the effect of income or corporate taxes. Purchase price 
of this equipment is assumed to be net of tires.
Maintenance and repair cost is assumed to be a 
proportion of the purchase price of the vehicle and is 
estimated as follows:
[17] MRCv =  a vPv 
where
MRC v =  maintenance and repair cost per year, 
a v =  annual maintenance and repair per­
centage of purchase price, and 
Pv =  purchase price less tires.
Transfer cost is the cost of the driver waiting-time 
to load and unload and is estimated as follows:
[18] TRv =  N VTW 
where
TRV =  transfer cost per year of vehicle-type v, 
N v =  number of trips per year of vehicle-type 
v,
T =  transfer time (including waiting time, 
loading time, and unloading time) ex­
pressed as hours per trip, and 
W = driver wage per hour.
The number of trips per year is based on trip dis­
tance, speed, transfer time, and the number of work­
ing days per year and is estimated as follows:
[19] N v =  H V(DS 1 + T)'1
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where
N v =  number of trips per year of vehicle-type 
v,
Hv =  total working hours per year of vehicle- 
type v,
D =  round-trip distance expressed as miles 
per trip,
S =  speed expressed as miles per hour, and 
T =  transfer time expressed as hours per 
trip.
The average cost per mile is computed as follows:
[20] CMv =  TCV(MV) ‘ 
where
CMV = average cost per mile of vehicle-type v.
And, the average cost per ton-mile is estimated by the 
following equation:
[21] CTMv = TCV(MVPLV) 1 
where
CTMV = average cost per ton-mile, and 
PLv =  payload in tons.
Trucking cost functions were estimated for 
alternative mileage ranges by the following equation:
[22] Cx = a + (3m 
where
Ct = cost per ton, 
a = constant,
/3 =  linear coefficient, and 
m = one-way mileage.
The constant a is the fixed cost per ton of providing 
the vehicle and of loading and unloading the coal. The 
regression coefficient (3 reflects the cost of hauling 
one ton of coal one mile.
Assumptions
This analysis is based upon five assumptions.
1 There are 275 working days, or 2200 working 
hours, per year.
2. Diesel fuel price is assumed to be $0.50 per 
gallon.
3. Driver wages (including fringe benefits) are 
assumed to be $6.25 per hour for nonunion drivers 
and $8.40 per hour for union drivers.
4. A tractor, twin-belly dump truck is assumed 
to be operated by a large trucking firm with a fleet 
size sufficient to achieve economies of scale. Such a 
firm realizes advantages in the following areas:
a. Volume transactions and commensurate dis­
counts are available to the large firm. Savings are 
realized on large items such as semitractors and 
volume purchases of parts. Parts repair programs 
become practical in large-scale operations.
b. Improved monitoring of maintenance and in­
corporation of new technology result in higher 
average miles per gallon of fuel for the large firm.
c. Reported and observed transfer times are 
noticeably lower for the large truck firm. This is a 
result of rapid-unloading equipment and a monitor­
ing of driver efficiency.
d. The large firm characteristically pays union- 
scale wages. The costs of operating a tandem-axle 
dump truck with a pup trailer reflect those facing 
the smaller trucking firms typical of those currently 
transporting Iowa coal. Characteristically, the 
smaller firm is unable to gain price discounts from 
large-volume purchases and is slower in adopting 
new technology. Partly offsetting the disadvantages 
inherent in a smaller fleet size, the small trucking 
company typically pays nonunion-scale wages.
5. The speed-distance relationship shown in 
table C-l applies to all vehicles in this study. The 
matrix is applicable in "gate-to-gate” transport. 
Movement within the mine pit or dumping area is 
assumed to be a part of transfer time.
The truck cost analysis is based on mid-1977 
price levels in Iowa. The data and basic assumptions 
used in the analysis were obtained from trucking 
companies operating in Iowa. The analysis estimates 
cost for five types of trucking operations:
1. Tractor, twin-belly dump truck under the
73,280-pound weight limit,
2. Tractor, twin-belly dump truck under an
80,000-pound weight limit,
3. Tandem-axle dump truck with pup trailer un­
der the 73,280-pound weight limit,
4. Tandem-axle dump truck with pup trailer un­
der an 80,000-pound weight limit, and
5. Tandem-axle dump truck under the 73,280- 
pound weight limit.
Table C-l. Speed-distance relationshp 
for coal transportation by truck, Iowa.
Round trip distance Speed in miles
in miles per hour
0- 0.,5 14
0. 6- 1..0 18
1..1- 1..5 21
1..6- 2..0 25
2.,1- 3.,0 32
3..1- 4..0 34
4..1- 10.,0 40
10..1- 15..0 42
15..1- 20.,0 45
20..1- 30..0 46
30.,1- 50..0 47
50..1-100..0 48
100..1-150..0 49
150..1-200.,0 51
200..1-250.,0 52
250..1-300.,0 53
300..1 and above 55
Source: Observed while riding in coal trucks.
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Tractor, Twin-Belly Dump Truck 
(73,280-Pound Limit)
The payload of this vehicle is 22.8 tons under the
73,280-pound weight limit.
Fixed cost
The fixed costs considered for this vehicle are the 
following:
1. Interest and depreciation costs are based on 
an annual equivalent cost by using a 10-percent in­
terest rate and a service life of 4 years for the trac­
tor and 15 years for the trailer. Purchase price less 
tires is $33,483 for a tractor with the following op­
tions:
a. engine—270 hp diesel,
b. transmission—7 speed,
c. power steering,
d. radio, and
e. "fuel squeezer” equipment.
The purchase price less tires for the twin-belly dump 
trailer is $22,025. Salvage value less tires is 
estimated to be $8,706 for the tractor and $7,575 for 
the trailer.
2. The license fee for the combination is $1,300 
per year. The road-use tax is $220 per year.
3. Insurance costs vary greatly with the level of 
coverage. In this analysis, the tractor-trailer liabili­
ty and collision coverage is assumed to be $2,410 per 
year.;
4. Annual maintenance and repair cost, based on 
trucking company data, is estimated to be 6.7 per­
cent of the purchase price of the vehicle.
5. Management and overhead cost is assumed to 
be $3,636 per year for the tractor-trailer combina­
tion.
Variable cost
The variable costs considered in this analysis are 
as follows.
1. Fuel consumption for the tractor-trailer com­
bination is based on the new "fuel squeezer” options. 
Table C-2 shows the fuel consumption schedule as­
sumed in this analysis.
Table C-2. Fuel consumption of a tractor, 
twin-belly dump truck under the 73,280- 
pound weight limit.
Distance hauled 
in one-way miles
Fuel consumption in 
miles per gallon
Loaded Empty
5-19.9 5.60 6.39
20-74.9 5.75 6,55
75-200 5.89 6.71
Source: Trucking company representatives.
2. Oil and oil filter cost per change is estimated 
to be $33.90. The oil and filter are changed every
20,000 miles.
3. Tire cost is based on a Bandag re-capping pro­
gram with up to four re-caps per tire; tire costs in 
this program are estimated to be $0,019 per mile. 
Dealer price estimates (including tax) of the tires 
used are shown in table C-3.
Table C-3. Tire information for a tractor twin-belly truck.
Per unit Number Service
Tire size Ply price used life
1100/22.5S (front) 16 $271.19 2 4 re-caps
1100/22.5D (rear) 16 $246.83 16 4 re-caps
Source: Tire dealers.
4. Driver wages for the tractor-trailer combina­
tion are union scale, or $8.40 per hour with fringe 
benefits included.
Transfer time
Transfer time depends upon the nature of the 
operation, weather conditions, and the proficiency of 
the driver and front-end loader or conveyor operator. 
In this analysis, coal loading time at the coal 
beneficiation plant is estimated at 5 minutes. 
Unloading at a drive-over stockpile is assumed to re­
quire 1.5 minutes. No backhaul is anticipated with 
this type of equipment.
Trucking cost functions
The estimated trucking costs and cost functions 
for this vehicle are presented in table C-4 for 
selected trucking distances.
Tractor, Twin-Belly Dump Truck 
(80,000-Pound Limit)
The payload of this vehicle is 26 tons under an
80,000-pound load limit.
Fixed cost
The fixed costs considered for this vehicle are as 
follows.
1. The equipment specified for the 73,280-pound 
weight limit has sufficient size shocks, springs, tires, 
and horsepower for the 80,000-pound weight limit. 
Therefore, interest and depreciation remain un­
changed from the 73,280-pound weight limit.
2. The license fee for the 80,000-pound weight 
limit is $1,450 per year. The road-use tax is $240 per 
year.
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Table C-4. Estimated cost of hauling coal in a tractor, twin-belly dump truck in mid-1977 prices 
with no backhaul under the 73,280-pound weight limit, Iowa.
Round
trip
distance
Speed 
in miles 
per hour
Number 
of trips 
per year
Total
annual
mileage
Fixed
cost
per year
Variable 
cost per 
mile
Transfer
cost
per year
Total
cost
per year
Trucking
cost
functions 
a ß
10.00 40 6,111 61,110 $22,796.39 $0.31403 $5,646.56 $47,633.33 $0.1327 $0.0420
15.00 42 4,709 70,635 22.796.39 0.30403 4,351.11 48,622.66
20.00 45 3,967 79,340 22,796.39 0.29070 3,665.51 49,525.77
30.00 46 2.886 86.580 22.796.39 0.28664 2.666.66 50.280.23
40.00 47 2,289 91,560 22,796.39 0.28072 2,115.04 50,614.46 0.1368 0.0420
50.00 47 1,874 93.700 22,796.39 0.28072 1 731.58 50,831.75
100.00 48 1.003 100.300 22.796.39 0.27700 926.77 51.506.26
150.00 49 693 103,950 22,796.39 0.27150 640.33 51,659.00 0.5679 0.0363
200.00 51 554 109,000 22,796.39 0.26478 503.58 52,160.54
250.00 52 447 111,750 22,796.39 0.26161 413.03 52,444.16
300.00 53 381 114,300 22,796.39 0.25856 352.04 52,701.91
350.00 55 339 118,650 22,796.39 0.25280 313.24 53,104.02
400.00 55 297 118,800 22,796.39 0.25280 274.43 53,103.13
aAll R2 's = 0.98
3. Insurance cost for tractor-trailer liability and 
collision coverage is assumed to be $2,410 per year.
4. Annual maintenance and repair cost is as­
sumed to be 6.7 percent of the purchase price of the 
vehicle.
5. Management and overhead cost is assumed to 
be $3,636 per year for the tractor-trailer combina­
tion.
Variable cost
Variable costs considered in this analysis are the 
following.
1. Fuel consumption for the 80,000-pound weight 
limit for various distances is shown in table C-5.
2. Oil and oil filter cost per change is estimated 
to be $33.90. The oil and filter are changed every
20,000 miles.
3. Tire cost increases to $0,021 per mile.
4. Driver wages for the tractor-trailer combina­
tion are union scale, or $8.40 per hour, with fringe 
benefits included.
Transfer time
Transfer time is assumed to increase 9 percent
Table C-5. Fuel consumption of a tractor  
tw in -b elly  dump truck under an 
80,000-pound weight l im it .
Distance hauled 
in one-way m iles
Fuel consumption in  
m iles per ga llon
Loaded Empty
5-19 .9 5.42 6.39
20-74.9 5.56 6.55
75-200 5.70 6.71
Source: Trucking company r e p r esen ta tiv es .
over the 73,280-pound weight limit because of the 
longer time required to load the coal.
Trucking cost functions
The estimated trucking cost functions for the 
tractor-trailer combination under the 80,000-pound 
weight limit are shown in table C-6.
Table C-6. Estimated cost of hauling coal in 
a tractor, twin-belly dump truck 
in mid-1977 prices with no back­
haul under an 80,000-pound weight 
limit, Iowa.
One-way distance 
in miles
Trucking cost 
a
functions3
3
5-19.9 $0.1241 $0.0373
20-74.9 0.1280 0.0373
75-200 0.5101 0.0323
aAll R2 = 0.98.
Tandem-Axle Dump Truck 
With Pup Trailer (73,280-Pound Limit)
The payload for this vehicle is 23 tons under the
73,280-pound weight limit.
Fixed cost
The fixed costs considered for this vehicle are:
1. Interest and depreciation costs are based on 
an annual equivalent cost by using a 10-percent in­
terest rate, a 4-year service life for the tractor, an 
8-year service life for the aluminum dump box, and
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a 10-year service life for the pup trailer. Purchase 
price less tires for the tractor is $34,640 with the 
following options:
a. engine—270 hp diesel,
b. transmission—7 speed,
c. radio, and
d. power steering.
Purchase price less tires for the pup trailer is 
estimated at $11,251. Purchase price for the 
aluminum dump box is estimated at $6,950. Salvage 
values for the tractor, pup trailer, and aluminum 
dump box are $9,006, $3,870, and $500, respectively.
2. The license fee for the tandem-axle dump 
truck with pup trailer is $1,300 per year based on a 
35.8-ton gross weight loaded. Highway-use taxes are 
$220 per year.
3. Insurance costs for the combination are 
estimated at $2,620 per year.
4. Annual maintenance and repair cost is as­
sumed to be 6.7 percent of the purchase price of the 
truck-trailer combination.
5. Management and overhead cost is assumed to 
be $3,636 per year for the tandem-axle dump with 
pup combination.
Variable cost
The variable costs considered in this analysis are 
the following:
1. Fuel consumption for the tandem-axle dump 
truck with pup trailer combination is estimated at 
4.75 miles per gallon full and 5.75 miles per gallon 
empty. This range is shifted 2.5 percent higher and 
2.5 percent lower for one-way trip distances of 5 to 
19.9 and 75 to 200 miles, respectively.
2. Oil and oil filter cost per change is estimated 
to be $33.90. The oil and filter are changed every
20,000 miles.
3. Tire cost and life expectancy by tire size are 
obtained from tire dealers and truck owners and are 
shown in table C-7.
4. Driver wages are at the nonunion scale of 
$6.25 per hour with fringe benefits.
Transfer time
Loading time for the tandem-axle dump truck 
with pup combination at a conveyor or tipple is 
estimated at 10 minutes. Unloading time is
Table C-7. Tire information for a tandem-axle dump truck with 
pup trailer.
Per unit Number Service
Tire size Ply pr ice used life
1220/20 (front) 18 $305.28 2 100,000 miles
1100/20 (rear) 16 $281.14 16 100,000 miles
Source: Tire dealers.
estimated to be 18 minutes. Loading time on a 
backhaul involving a front-end loader is estimated 
to be 15 minutes.
Trucking cost functions
The estimated trucking costs and cost functions 
for the tandem-axle dump truck with pup trailer are 
presented in table C-8.
Tandem-Axle Dump Truck With Pup Trailer 
(80,000-Pound Limit)
The payload of this vehicle is 26.4 tons under an
80,000-pound load limit. This payload would require 
a change in the Iowa bridge law as well as a change 
from the 73,280-pound load limit.
Fixed cost
The fixed costs include the following:
1. The equipment specified for the 73,280-pound 
weight limit has sufficient sized shocks, springs, 
tires, and horsepower for 80,000-pound gross 
weights. Therefore, interest and depreciation remain 
unchanged from the 73,280-pound weight limit.
2. The license fee for the 80,000-pound weight 
limit is estimated to be $1,450 per year. The road- 
use tax is $240 per year.
3. Insurance costs for the tandem-axle dump 
truck with pup trailer liability and collision cov­
erage is assumed to be $2,610 per year.
4. Annual maintenance and repair cost is as­
sumed to be 6.7 percent of the purchase cost of the 
vehicle.
5. Management and overhead cost is assumed to 
be $3,636 per year for the tandem-axle dump truck 
with a pup trailer.
Variable cost
The variable costs include the following:
1. Fuel consumption for the 80,000-pound weight 
limit is estimated in table C-9.
2. Oil and filter cost per change is estimated to 
be $33.90. The oil and filter are changed every
20,000 miles.
3. Tire cost is assumed to increase 10 percent 
above the 73,280-pound weight limit. The total tire 
cost per mile is estimated to be $0.0562 per mile.
4. Driver wages are at the nonunion scale of 
$6.25 per hour including fringe benefits.
Transfer time
Loading time at the conveyor or tipple for the 
tandem-dump truck with a pup trailer is estimated 
to be 11 minutes. Unloading time is estimated to be 
19.5 minutes.
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Table C-8. Estimated cost of hauling coal in a tandem-axle dump truck with a pup trailer in mid-1977 prices 
with no backhaul under the 73,280-pound weight limit, Iowa.
Round
trip
distance
Speed 
in miles 
per hour
Number 
of trips 
per year
Total
annual
mileage
Fixed
cost
per year
Variable 
cost per 
mile
Transfer
cost
per year
Total
cost
per year
Trucking
cost
functions 
a 8
10.00 40 3,055 30,550 $21,850.70 $0.30903 $8,974.06 $40,265.63 $0.3668 $0.0414
15.00 42 2,659 39,885 21,850.70 0.30159 7,810.81 41,690.41
20.00 45 2,405 48,100 21,850.70 0.29167 7,064.69 42,944.66
30.00 46 1,960 58,800 21,850.70 0.28865 5,757.50 44,580.80
40.00 47 1,665 66,600 21,850.70 0.28100 4,890.94 45,456.15 0.3711 0.0411
50.00 47 1,434 71,700 21,850.70 0.28100 4,212.38 46,210.68
100.00 48 861 86.100 21.850.70 0.27823 2.529.19 48.335.35
150.00 49 623 93,450 21,850.70 0.27123 1,830.06 49,027.30 0.7439 0.0360
200.00 51 500 100,000 21,850.70 0.26623 1,468.75 49,942.35
250.00 52 416 104,000 21,850.70 0.26387 1,222.00 50,515.42
300.00 53 358 107,400 21,850.70 0.26160 1,051.63 50,998.65
350.00 55 321 112,350 21,850.70 0.25732 942.94 51,703.13
400.00 55 284 113,600 21,850.70 0.25732 834.25 51,916.08
aAll R2,s = 0.98
Table C-9. Fuel consumption of a tandem- 
axle  dump truck with pup 
t r a i le r  under an 80,000-pound 
weight l im it .
Distance hauled in  
one-way m iles
Fuel consumption in  
m iles per gallon
Loaded Empty
5-19.9 4.35 5.5
20-74.9 4.59 5.75
75-200 4.84 6 .0
Source: Trucking company rep resen ta tives .
Trucking cost functions
The estimated trucking cost functions for the 
tandem-axle dump truck with a pup trailer at an
80,000-pound weight limit are shown in table C-10.
Table C-10. Estimated cost of hauling coal 
in a tandem-axle truck with pup 
trailer in mid-1977 prices with 
no backhaul under an 80,000- 
pound weight limit, Iowa.
One-way distance 
in miles
Trucking cost 
a
function
8
5-19.9 $0.3326 $0.0376
20-74.9 0.3365 0.0374
75-200 0.6747 0.0327
aAll R2’s = 0.98.
Tandem-Axle Dump Truck 
(73,280-Pound Limit)
The payload for this vehicle is 15 tons under the
73,280-pound weight limit.
Fixed cost
The fixed costs considered in this analysis are:
1. Interest and depreciation costs are based on 
annual equivalent cost by using a 10-percent in­
terest rate and a service life of 4 years for the trac­
tor and 8 years for the aluminum dump box. 
Purchase price less tires for the tractor is $34,640. 
Purchase price for the aluminum dump box is 
$6,950. Salvage values for the tractor less tires and 
dump box are $9,006 and $500, respectively.
2. The license fee for this vehicle is $735 per 
year. The highway-use tax is $160 per year.
3. The insurance cost for the tandem-axle dump 
truck is estimated to be $1,200 per year.
4. Annual maintenance and repair cost is as­
sumed to be 6.7 percent of vehicle purchase price.
5. Management and overhead cost is estimated 
at $3,636 per year.
Variable cost
The variable costs considered in this analysis 
are:
1. Fuel consumption calculations are based on 
an estimated 4.65 miles per gallon full and 5.35 
miles per gallon empty for the tandem-axle dump 
truck.
2. Oil and oil filter cost per change is estimated 
at $33.90. The oil and filter are changed every
20,000 miles.
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3. Tire cost and life expectancy by size (table 
C -ll) are obtained from tire dealers and truck 
owners. Tire cost for this type of vehicle is estimated 
to be $0,029 per mile.
4. Driver wages are nonunion scale, or $6.25 per 
hour, including fringe benefits.
Table C-ll. Tire information for a tandem-axle dump truck.
Per unit Number Service
Tire size Ply price used life
1200/20 18 $305.28 2 100,000 miles
1100/20 16 $281.14 8 100,000 miles
Source: Tire dealers.
Transfer time
The average loading time from gate entrance to 
gate exit for the tandem-axle dump truck is 
estimated to be 5 minutes. Loading is accomplished 
by front-end loader. The average unloading time for 
this vehicle is estimated to be 3.5 minutes.
Trucking cost function
The estimated trucking costs and cost function 
for the tandem-axle dump truck are presented in 
table C-12.
Highway Construction and 
Maintenance Cost
In. the determination of highway construction 
and maintenance cost for the 80,000-pound weight 
limit solution, the basic underlying assumption is
that construction and maintenance costs for a road 
surface or structure vary directly with the number 
of axle loadings of a certain magnitude that it sus­
tains. It is assumed that the increased highway con­
struction cost resulting from the increased number 
of trucks on a certain road would be based on the 
cost of resurfacing a road segment after it has de­
teriorated from a new or like-new condition to the 
point of needing resurfacing, and that the cost in­
crease would be in direct proportion to the number 
of additional axle loadings of a certain magnitude 
the road surface sustains. It is also assumed that the 
increased maintenance costs resulting from the in­
creased number of trucks on a specific road would 
vary directly with the number of additional axle 
loadings of a certain magnitude that the road sur­
face sustains.
Therefore, the first step in the cost- 
determination procedure is to express all truckloads 
in terms of the equivalent 18,000-pound (18-kip) ax­
le loadings that the road would sustain through one 
pass by each truck type.
Data on the axle loadings and total highway con­
struction and maintenance costs provided by the 
Iowa Department of Transportation yielded the 
highway construction and maintenance costs per 
vehicle-mile presented in table C-13.
Total highway construction and maintenance 
cost for a specific movement is estimated by 
multiplying the number of miles traveled on each 
road type by the cost per vehicle-mile and adding 
over all road types. Total revenue used to pay for 
highway construction and maintenance cost is 
estimated for a specific movement by multiplying 
the number of vehicles required by the annual 
license and use tax for the vehicle, plus the diesel 
fuel tax (12 cents per gallon) times the number of 
gallons consumed.
Table C-12.' Estimated cost of hauling coal in a tandem-axle dump truck in mid-1977 prices with no backhaul 
under the 73,280-pound weight limit, Iowa.
Round
trip
distance
Speed 
in miles 
per hour
Number 
of trips 
per year
Total
annual
mileage
Fixed
cost
per year
Variable 
cost per 
mile
Transfer
cost
per year
Total
cost
per year
Trucking
cost
. , a function
a 8
0.50 14 12,520 6,260 $18,763.89 $0.57672 $10,955.00 $33,329.14 $0.1743 $0.0578
1.00 18 11,250 11,250 18,763.89 0.47751 9,843.75 33,979.64
1.50 21 10,405 15,608 18,763.89 0.42791 9,104.37 34,546.85
2.00 25 10,000 20,000 18,763.89 0.38029 8,750.00 35,119.68
3.00 32 9,411 28,233 18,763.89 0.32560 8,234.62 36,191.24
4.00 34 8,538 34,152 18,763.89 0.31411 7,470.75 36,962.23
10.00 40 5,641 56,410 18,763.89 0.28654 4,935.87 39,863.48
15.00 42 4,425 66,375 18,763.89 0.27910 3,871.87 41,160.98
20.00 45 3,764 75,280 18,763.89 0.26918 3,293.50 42,321.16
30.00 46 2,777 83,310 18,763.89 0.26616 2,429.87 43,367.51
40.00 47 2,219 88,760 18,763.89 0.26327 1,941.62 44,073.23
aAll R 2, s = 0.98.
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Table C-13. Highway construction and maintenance cost per vehicle-mile for a tandem dump 
with pup under 80,000-pound gross weight limit, 1977 dollars, Iowa.
Construction cost Maintenance cost Total cost
Pavement type Empty Loaded Empty Loaded Empty Loaded
Interstate
All $0.00010 $0.00694 $0.00006 $0.00379 $0.00016 $0.01073
Other primary
PCC 0.00048 0.03185 0.00011 0.00749 0.00059 0.03934
Constructed AC 0.00060 0.03742 0.00011 0.00698 0.00071 0.04440
AC over PC 0.00088 0.05276 0.00009 0.00551 0.00097 0.05827
bituminous 0.00977 0.46469 0.02458 1.16887 0.03435 1.63356
Secondary
PCC 0.00232 0.15010 0.00009 0.00594 0.00241 0.15604
Constructed AC 0.06195 3.01997 0.00623 0.30345 0.06818 3.32342
Bituminous 0.53515 27.21693 0.96886 49.27451 1.50401 76.49144
Source: Iowa Department of Transportation.
APPENDIX D:
PROCEDURE FOR ESTIMATING 
SINGLE-CAR AND MULTIPLE-CAR RAIL 
COSTS OF TRANSPORTING COAL
The rail costs used in this study are based upon 
costs published in Interstate Commerce Commission 
Statement No. ICI-73, "Rail Carload Cost Scales, 
1973” (40) (hereinafter, the "ICC Scale”). This docu­
ment is based upon an application of Rail Form A, 
reflecting the 1973 operations of all Class I line-haul 
railways assigned to one of five rail cost territories 
defined within the document; Region V (Western dis­
trict, excluding Mountain Pacific and Trans­
territory) costs are utilized in this study.
Variable costs in the ICC Scale reflect costs con­
sidered to be a function of traffic over the long-run 
period and at average traffic densities. They include:
. . .freight operating expenses, rents and taxes 
(excluding Federal Income Taxes) plus an al­
lowance for the cost of capital before Federal In­
come Taxes on 50 percent of the road property 
and 100 percent of the equipment used in 
freight service.. .A study by the Section of Cost 
and Valuation produced percent variable fac­
tors separately for individual expense accounts 
or groupings of expense accounts.. .The percent 
variable ratios range from a low of .44 for Ac­
count 373, Station Employees and other Mis­
cellaneous Transportation Expenses, to a high 
of .97 for Accounts 392 through 402, Train Ex­
penses. These ratios replace the previous over­
all ratio of .80 applicable to freight operating ex­
penses, rents and taxes (excluding Federal In­
come Tax) (40, p. 3).
The cost of capital is based on the actual amount 
Of total interest payments divided by the total 
amount of outstanding debt. Rates of return on in­
vestment "were applied to the original cost of land 
and rights, road property, and equipment, including 
an allowance for working capital, material and sup­
plies, less book depreciation on total depreciable 
property and book amortization on road property” (40, 
p. 4).
A basic objection has been levied against the ap­
plication of rail cost coefficients derived from Rail 
Form A. As noted by the Interstate Commerce Com­
mission (hereinafter, the "Commission”):
the formulas were initially designed mainly for 
the purpose of developing costs in the aggregate 
for transportation service conducted by large 
groups of carriers within certain territories or 
regions. Thus, the emphasis in these formulas 
has been upon, and the results achieved reflect, 
general overall average operations performed 
under average conditions. . . .[Thus,] when the 
costs of a specific carrier handling particular 
traffic between certain points are involved, the 
application of such formulas may not be ap­
propriate without substantial adjustments and 
various refinements to reflect the peculiar 
situation under consideration (38, p. 386).
Thus, costs estimated on the basis of regional 
averages may be inapplicable with respect to specific 
traffic moving between specific geographic points by 
a specific railroad at a specific point in time: The 
formulas and involved studies associated with Rail 
Form A may not fit the reality of a specific movement. 
Associated with this limitation is the argument 
against the use of any single standardized cost 
formula to reflect a wide variety of rail operating con­
ditions, as well as the observations that such a stan­
dardized methodology introduces rigidity into costing 
procedures. The Commission has recognized this 
limitation and has noted that generally
the formulas produce estimated costs based
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mainly upon historical data to which average 
factors, mirroring a hypothetical average car­
rier operating under average conditions, are ap­
plied. To the extent that the actual operations of 
a specific carrier may deviate from such 
average, the results may or may not be mean­
ingful in the evaluation of a certain specific 
prospective situation. Although the present 
formulas may properly continue to be utilized 
as a point of departure and serve as general 
guides for cost analyses, the results should be 
considered no more than a rough measure of the 
true costs, unless substantial adjustments are 
made in the application of the formulas to 
reflect the particular conditions surrounding 
the specific transportation (38, p. 387).
In the estimation of single-car variable costs, the 
present study has utilized the adjustment provisions 
specified by the ICC Scale. These single-car costs 
were then modified to reflect the cost saving as­
sociated with selected sizes of multiple-car shipments.
A second limitation of the ICC Scale is that the 
formula specifies a constant line-haul cost per hun­
dredweight-mile. There is some reason to believe that 
this formula tends to have an upward bias for long 
distance, heavy-loading movements. For example, the 
actual wages of the conductor and the brakeman are 
based on the number of cars in the train, regardless of 
the size of the car or the weight of the commodity be­
ing hauled. In the ICC Scale, however, the cost of 
these trainmen is based on trailing gross ton-miles. 
Thus, the estimated trainmen wage costs are biased 
upward for commodities such as coal in hopper cars. 
Although this bias is present in all movements, it 
tends to place a heavier weight on longer distance 
movements because the line-haul cost becomes a 
larger portion of the total cost.
Despite these limitations of the ICC Scale, the 
present study utilizes this basic source of data for the 
rail cost analysis since the document is the most 
widely accepted and reliable source available for 
public use. The authors acknowledge the willingness 
of the railroads operating in the study area to assist 
in adjusting the cost scales.
Single-Car Adjustments 
for Coal Shipments
The single-car adjustments applied to the unit 
cost data appearing in the ICC Scale are examined 
in this section.
Item 9. Allowance for circuity
The railroads serving the study area provided 
data on the step-by-step physical movement of coal 
consignments terminating on their individual lines. 
These data defined the shortest actual route by 
which a consignment moves from each origin to each 
destination and, therefore, provided the "actual” (as 
distinguished from "short-line”) total miles from
each origin to each destination; where possible, rout­
ings were restricted to rail lines with 263,000-pound 
carrying capacity. Hence, no adjustment was re­
quired with respect to rail circuity. The matrix of ac­
tual mileages was calculated from the Handy 
Railroad Atlas of the United States (29).
The definition of way and through trains follows 
that of "Petroleum Rail Shippers’ Association v. 
Alton & Southern Railroad et aL” (37, pp. 646-647). 
The total actual mileage from each origin to each 
destination was stratified into way train and 
through train miles under the assumption that once 
a consignment becomes part of a through train, it re­
mains part of that train through its destination. 
This analysis, therefore, did not employ the ter­
ritorial average way train short-line miles utilized 
by the ICC Scale.
Item 10. Treatment of loss and damage claim 
payments
Average United States claim payments per hun­
dredweight of coal originated is provided in Appendix 
A of the ICC Scale. This cost is added to the unit costs.
Item 11. Average load by territory and by type of 
car
This study assumes that both general and special 
service open hopper cars hold 98.5 tons of coal.
Item 14. Tare weight
It is assumed that single-car coal shipments move 
in railroad-owned general service open hopper cars 
with tare weight of 31.5 tons.
Item 15. Treatment of special services
The ICC Scale includes the per-carload costs of 
train supplies and expenses and statipn employees. 
This cost is excluded in this study because for coal 
movements these services are typically performed by 
nonrailroad personnel.
Item 17. Treatment of origin or destination por­
tion of freight-train car costs
Territorial variable cost per carload at either the 
point of origin or destination includes freight-train 
car maintenance, depreciation, and return on cost of 
freight-train cars other than mileage cars. Estimated 
ownership costs are substituted for the territorial 
variable ownership cost of the ICC Scale. The estima­
tion of ownership cost—including depreciation, re­
turn on investment, and maintenance—of a general 
and a special service open hopper is based on 
mid-1977 price levels and on the following assump­
tions.
1. The purchase price of a general service open 
hopper car is $28,500, and of a special service open 
hopper car is $34,500.
2. The service life of cars in single-car and 15-car 
shipments is 20 years; cars dedicated to 50-car ship-
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ments are assumed to last 18 years; and the life of 
those dedicated to 100-car unit train shipments is 15 
years. The service lives of cars assumed in this study 
represent the best available judgment of actual 
economic car life under typical operating conditions; 
it is recognized that service life will vary under dif­
ferent operating conditions.
3. The salvage value of a general service open 
hopper is $4,275, and of a special service open hopper 
is $5,175.
4. A 10-percent interest rate.
5. A 346-day year (that is, 5 percent shop margin) 
for cars in single-car and 15-car shipments, a 337-day 
year (that is, 7.5 percent shop margin) for hoppers 
dedicated to 50-car service, and a 328-day year (that 
is, 10 percent shop margin) for hoppers dedicated to 
100-car unit train shipments.
6. The car maintenance cost is assumed to be 3.91 
cents per car-mile for equipment in single-car, 15-car, 
and 50-car service, and 2.54 cents per car-mile for 
equipment in 100-car unit train service. These main­
tenance costs include labor and material, payroll ad­
ditives, and departmental overhead and are consis­
tent with Rail Form A Account 314 (39). Per-diem in­
teres t  and d e p r e c ia t io n — e x c lu d in g  car 
maintenance—is computed from the following 
formula (30, p. 620):
[231 Per Diem AEC =  {P[i(l + i ) n( ( l  -h i)n- 1 ) 1 ] 
-S [ i ( ( l  H- i)n- 1) *]} d 1
where
AEC = annual interest and capital recovery,
P = purchase price,
S =  salvage value, 
i = interest rate, 
n = years of service life, and 
d = number of operating days per year.
Under the proceeding assumptions, it follows that the 
per-diem interest and depreciation cost for general 
service open hoppers in single-car and 15-car service 
is calculated as
[($28,500X0.11746)- ($4,275X0.01746)] J  
346 =  $9.46;
for general service open hoppers in 50-car service, the 
per-diem cost is $10.03; and for special service open 
hoppers in 100-car unit train service, the per-diem 
cost is $13.33. No allowance is made for tax credits; 
thus, these costs are not directly comparable with 
leasing costs.
Table D-l shows representative turnaround times 
for single-car coal shipments from selected origins to 
selected Iowa destinations. These turns are based 
upon the July 1973 to March 1977 experience of ap­
proximately 900 coal shipments to Iowa users.
Item 18. Treatment of interchange switching 
costs
Territorial costs for interchange switching service
Table D-l. Representative turnaround times for single-car coal 
shipments from selected origins to Sergeant Bluff and 
Burlington, Iowa, in days.
Origin
Iowa
destination
Turnaround
time
Gillette, Wyoming Sergeant Bluff 25.0
Burlington 27.5
West Harrisburg, Illinois Sergeant Bluff 29.6
Burlington 28.1
Oskaloosa, Iowa Sergeant Bluff 15.5
Burlington 14.7
Source: Iowa coal users.
have been included in the ICC Scale as a line-haul 
cost; no interchange switching cost is incurred by 
traffic handled by a single railroad. Since the actual 
route from each origin to each Iowa destination is 
known, the actual number of interchange switches is 
known, and the territorial average interchange cost is 
replaced by the actual switching cost.
Item 20. Percent empty return of equipment
The Commission in April 1962 instituted proceed­
ings with the purpose of determining "whether the 
approval and adoption of certain cost formulas would 
result in general improvement of the quality of cost 
evidence presented in formal proceedings. . .” (38, p. 
300). One of the principal findings of the proceedings 
is: "there is no universally acceptable method of ap­
portioning joint or common costs, and any method of 
apportionment utilized for ratemaking purposes 
should be designed to reasonably reflect the specific 
circumstances attending the transportation 
performed” (38 p. 326). Therefore, it is valid to adjust 
the empty return ratio between the origin and 
destination under consideration when estimating the 
cost of transportation between those two points.
The territorial empty return ratios utilized by the 
ICC Scale range from 0.86 to 1.40 for general service 
open hopper cars, and from 0.98 to 1.02 for special 
service open hopper cars. The ratio is assumed to be
1.00 for hopper cars carrying coal to Iowa.
Multiple-Car Adjustments for Coal 
Shipments
The multiple-car shipments analyzed include the 
foliowring: 15-car, 50-car trainload, and 100-car unit 
train. The adjustments applied to the ICC Scale are 
examined in this section.
Item 12. Type of train
Appendix E of the ICC Scale presents territorial 
averages by type of train with respect to weight of 
the train, the number of locomotive units per train, 
and wages of train and engine crew. In the present 
analysis, the weight (excluding caboose) of multiple-
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car shipments is adjusted to be consistent with the 
hopper car payload (Item 11, single car) and tare 
weight (Item 14, single car); to reflect the fact that 
50-car shipments typically move with "fill cars,” the 
trailing weight of this shipment size has been raised 
by 12.5 percent. Based upon these adjusted train 
weights, the estimated number of "equivalent” 
locomotive units required for each multiple-car case 
is consistent with Appendix E territorial averages. 
Territorial average crew wages are utilized for 15- 
and 50-car shipments.
The cost of train operations is divided between 
the expense of providing the capacity to move 
freight and the expense of utilizing that capacity; 
"capacity is provided by purchasing the equipment 
and labor needed to run the railroad” (19, p. 15). In 
the absence of random surges in coal transport de­
mands, it is assumed that coal could move to Iowa 
markets with a reduction in railroad capacity, 
reflected in fewer rail cars, reduced crew wages, and 
fewer locomotive units. These cost savings are in­
corporated in the 100-car unit train cost estimates.
The hopper car capacity saving is accommodated 
by the representative turnaround times utilized 
(Item 17, multiple car). The labor capacity saving is 
assumed to be 6 percent of the wage cost incurred by 
multiple-car shipments; this reduction is realized 
through reduced crew costs and fringe benefits since 
there is no requirement to "deadhead” crews under a 
fully scheduled shipping system. The locomotive unit 
capacity saving is accommodated by applying a 12- 
percent reduction to locomotive investment and 
maintenance cost.
Item 14. Tare weight
It is assumed that 15- and 50-car coal shipments 
move in railroad-owned general service open hopper 
cars with tare weight of 31.5 tons, and that 100-car 
unit train coal shipments move in shipper- or re­
ceiver-owned or leased special service open hopper 
cars with tare weight of 33.0 tons.
Item 16. Treatment of origin or destination 
switching costs
The territorial variable cost per carload for 
switching at either the point of origin or destination 
includes locomotive expenses, fuel, crews, and track 
maintenance related to switching. The number of 
per-car switching minutes required to perform a 
switching maneuver decreases as the number of cars 
in the cut increases; this study assumes that the per- 
carload origin or destination switching cost 
decreases as shown in table D-2.
Item 17. Treatment of origin or destination por­
tion of freight-train car costs
Table D-3 shows representative turnaround
Table D-2. Percent reduction of per-carload
variable switching cost of selected 
multiple-car sizes from single-car 
shipment s.
Shipment
size
Percentage reduction of variable 
per-carload switching cost from 
switching cost from single-car 
shipments
15 62.34
50 72.84
100 75.09
Source: Wright, Walter B., "How Cars in Multiple 
Cut Costs," Railway Age, January 4, 1960, 
pp. 23-25 (43).
Table D-3. Representative turnaround times for multiple-car coal 
shipments from selected origins to Sergeant Bluff, and 
Burlington, Iowa by shipment size in days.
Iowa _____Turnaround time
Origin destination 15-car 50-car 100-car
Gillette, Wyoming Sergeant Bluff 13.5 7.8 3.3
Burlington 15.0 9.3 4,8
West Harrisburg, Illinois Sergeant Bluff 15.2 9.4 5.0
Burlington 13.7 7.9 3.5
Oskaloosa, Iowa Sergeant Bluff 11.9 6.1 1.7
Burlington 11.1 5.4 1.0
Source: Iowa coal receivers.
times for multiple-car coal shipments from selected 
origins to selected Iowa destinations.
Item 19. Treatment of intertrain and intratrain 
switching costs
Territorial costs for intertrain and intratrain 
switching service performed in making up and 
breaking up trains at intermediate train yards on 
the carrier’s own lines are included in the ICC Scale 
as a line-haul cost. Since a train once assembled 
does not require such service, this cost is deducted 
for all multiple-car shipments.
Item 22. Station clerical costs
Terminal variable station clerical expenses per 
shipment, origin plus destination, include the wages 
and salaries of employees engaged in the following 
activities: auditing, preparation of waybills, account­
ing, billing, and others that occur in general offices. 
It is assumed that 25 percent of this per-carload cost 
is fixed per shipment (regardless of shipment size) 
and that the residual is apportioned among in­
dividual cars of the shipment.
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Adjustment of Costs to Reflect 
Wage-Price Level Changes
Interpretation and Use 
of These Estimated Costs
The rail costs used in this study are based upon 
costs reflecting the 1973 operations of all Class I 
line-haul railways; the ICC Scale contains no adjust­
ments regarding price changes for subsequent years. 
The Association of American Railroads (1) annually 
publishes the distribution of operating revenues and 
indexes of charge-out prices and wage rates ex­
perienced by Class I line-haul railways.
Based upon these data, a 1973-77 price inflator 
was calculated by using a Laspeyre index of the 
following form:
l24JL„l = 2 P „ Q „ i(2P„,Q„,)‘
where
0 = base year,
1 =  year under consideration,
P = price,
Q =  quantity, and 
i = index of inputs.
By definition, this index holds the quantity of inputs 
constant over the two years. The estimated change 
in the railroad cost level from 1973 to 1977 is 55.7 
percent. This number is interpreted as follows: If a 
railroad purchased the same quantity of inputs in 
both 1973 and 1977, it would incur a 55.7-percent 
cost increase in 1977 relative to 1973.
The ICC Scale allows for the estimation of the 
variable cost of any particular rail shipment. The 
Commission’s Cost Finding Section summarizes the 
economic significance of this cost level as follows: 
[variable costs]. . .provide a minimum below 
which rates having widespread or general ap­
plication cannot fall without occasioning an 
out-of-pocket loss. Since such costs reflect the 
relative amount of transportation service re­
ceived by the shipment, they provide a measure, 
generally in cents per 100 pounds, of the dif­
ferences in the rates for shipments of varying 
sizes and lengths of hauls, which can be 
justified by differences in the cost of performing 
the service. Any remaining differences in the 
rates for the several kinds of traffic must be 
based on considerations other than cost (38, p.
333).
Variable cost embraces joint expenses incurred in 
a round trip movement of the equipment and is varia­
ble with traffic volume relative to a carrier’s opera­
tions as a whole. Although not to be employed for the 
determination of a rail rate, variable cost specifies the 
lower boundary for a pricing decision. The individual 
railroad company must determine a certain level over 
variable cost at which the established rate generates 
a maximum contribution toward fixed cost and the 
railroad’s net income.
APPENDIX E: ESTIMATED COAL BENEFICIATION COSTS
Fixed-Investment Costs
Interest and capital recovery costs for the fixed 
investment in the beneficiation plant are based on 
equation [11].
1. Beneficiation plant. The beneficiation plant 
consists of one heavy media separator with pumps, 
drying equipment, a Bradford breaker, a roll 
crusher, 16 deister tables, conveyors, scales, radiant 
heaters, and a conveyor-silo load-out system. 
Estimated purchase price is $2,000,000 with a plant 
life expectancy of 20 years. Salvage value is as­
sumed to be equal to the cost of dismantling the 
plant. Annual interest and capital recovery for the 
plant package is $234,920.
2. Front-end loader. The front-end loader used in 
this analysis is a Caterpillar 988 with a 6-yard
ucket. Purchase price less tires is estimated to be 
$158,127. Salvage value at the end of 10,000 hours is 
estimated to be $63,251. Life expectancy is 
estimated to be 3 years. Annual interest and capital 
recovery cost for the front-end loader is estimated to 
be $44,476. Tire costs were assumed to be a variable
cost. Therefore, tire costs were subtracted from the 
purchase price.
3. Water impoundment. A 20-acre water im­
poundment is assumed in this plant. Pumps, mis­
cellaneous equipment, and sitework have an 
estimated cost of $75,000. At the completion of the 
20-year life expectancy of the beneficiation plant, 
the salvagb value of this investment is zero. The an­
nual interest and capital recovery cost for the im­
poundment and supporting equipment is estimated 
to be $8,810. Land involved is considered separately 
since, by assumption, it does not depreciate.
4. Land. Land value is stable by assumption in 
this analysis. The purchase of 100 acres at $2,000 
per acre requires a $200,000 investment. The op­
portunity cost of this investment is derived from the 
assumed 10-percent interest rate and is $20,000 an­
nually.
5. Site improvement. These costs include the 
grading and concrete work for the structures in­
volved as well as access roads and turnaround areas. 
The estimated original investment in site improve­
ment is $75,000. Life expectancy is equal to that of
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the 20-year life of the plant. No salvage value is an­
ticipated for this investment. The annual interest 
and capital recovery cost for the site improvement is 
estimated to be $8,810.
6. Miscellaneous settling ponds. The small set­
tling ponds necessary for the operation of a coal 
beneficiation plant have an estimated cost of 
$50,000. Life expectancy, again, is limited to the 
plant life expectancy of 20 years, with no anticipated 
salvage value. The estimated annual interest and 
capital recovery cost for this investment is $5,873.
7. Supplemental water well. A supplemental 
well is necessary for the continuation of operation 
during dry periods. Installation costs are estimated 
to be $20,000 with no salvage value anticipated after 
20 years. The annual interest and capital recovery 
cost for this investment is $2,349.
8. Utility extension and substation upgrading. 
The operation of a coal beneficiation plant requires 
three-phase electric power with adequate substation 
support. The selected coal benefication sites require 
an estimated $10,000 in electric utility upgrading. 
This investment is limited by a plant life expectancy 
of 20 years and has no anticipated salvage value. 
The annual interest and capital recovery cost for the 
utility upgrading is $1,175.
The estimated facility investment cost of a coal 
beneficiation plant is $2,588,127. At a 10-percent an­
nual interest cost, the estimated annual interest and 
capital recovery cost of this investment is $326,413.
Other Fixed Annual Costs
In addition to the investment costs in the 
beneficiation plant, other costs are incurred that are 
not a function of the volume of processed coal. These 
costs include:
1. Maintenance and repairs. Annual main­
tenance and repair costs are assumed to be 5 percent 
of the investment cost of the equipment, land, im­
poundment, settling ponds, and supplemental well. 
This results in an estimated annual maintenance 
and repair cost of $126,000.
2. Insurance and property tax. Insurance and 
property tax costs are based upon 2 percent of the 
undepreciated investment. Annual equivalent cost 
analysis with a 10-percent interest rate was used to 
depreciate investment. The annual equivalent cost 
for property tax and insurance was estimated to be 
$39,444 per year.
3. General manager. The general manager is 
responsible for coal assembly, scheduling, market­
ing, and distribution for the beneficiation plant 
operation. The annual salary for the general 
manager is estimated to be $35,000.
4. General supervisor. The general supervisor is 
responsible for the beneficiation plant operation, 
maintenance, and labor requirement. The salary for 
this position is estimated to be $25,000 per year.
5. Office expense. Expenses for clerical help, of­
fice equipment, supplies, telephone, etc., are 
estimated to total $25,000 annually.
6. Miscellaneous expenditures. Dust-control ex­
penditures, the cost of complying with Mine Enforce­
ment Safety Administration regulations, and un­
foreseen expenditures are estimated by industry 
representatives at $100,000 annually.
Estimated fixed investment costs of $326,413 
plus other estimated fixed costs of $350,400 yield a 
total fixed cost—net of rail siding costs—of 
$676,857.
Variable Costs
The variable costs included in this analysis are:
1. Electric. The beneficiation plant is estimated 
to require 680 horsepower at 754 watts of electricity 
per horsepower-hour. The electric motors used in the 
plant are assumed to be 80-percent efficient (11). 
The 641 kilowatts per hour required at $0,025 per 
kilowatt-hour results in an estimated cost of $0,083 
per ton of clean coal.
2. Supplies. Lime usage in the coal beneficiation 
process is estimated to be 11 bags per week of opera­
tion at $2.40 per bag. Lime cost is estimated to be 
$0,002 per ton of clean coal. Magnetite cost is 
estimated to be $46 per ton. An estimated 0.5 pound 
of magnetite is lost per ton of coal produced, result­
ing in a cost of $0,012 per ton of clean coal.
3. Labor: The first-shift plant operation require­
ments are four persons. Two employees each receive 
wages and benefits estimated at $12,500 annually, 
and two receive wages and benefits estimated at 
$10,000 annually. The second-shift labor require­
ments and costs are identical to the first shift. Total 
labor costs and benefits, excluding salaried person­
nel, are estimated to be $90,000 annually, or $0,139 
per ton of clean coal.
4. Coal quality analysis. A beneficiation plant 
must be set for a specific type of coal to achieve max­
imum efficiency. A single plant receiving coal from 
multiple sources requires frequent analysis of in­
coming raw coal and the resultant product. Analysis 
costs are estimated to be $0.03 per ton of clean coal.
5. Front-end loader. This analysis assumes a 
Caterpillar 988 using 11 gallons of fuel per hour at 
$0.50 per gallon (7). Lubricant, filters, grease, and 
hydraulic oil cost is estimated to be $0.48 per hour. 
Tire costs obtained from both tire dealers and 
Caterpillar distributors for T . .65
^  *35-33
tires are $4,218 each. The front-end loader variable 
cost per ton of clean coal is: tires, $0.0220; fuel, 
$0.0286; lubricants, $0.0025; total, $0.0531.
6. Profit. This analysis assumes a profit of $0.50 
per ton of clean coal.
The total variable cost estimate for the coal 
beneficiation plant is $0,819 per ton of clean coal pro­
duced.
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APPENDIX F:
ESTIMATED INVESTMENT COSTS 
FOR RECEIVING AND UNLOADING 
LARGE-VOLUME RAIL SHIPMENTS
Investment costs to receive, unload, and transfer 
large-volume rail shipments of coal to live storage 
were divided into the track siding costs, unloading 
facility costs, and conveyors to transfer the coal to 
live storage. The basic procedure in estimating these 
investment costs for each coal user was:
1. specify the total facility requirements to han­
dle the given size of rail shipment,
2. determine the amount of each component of
Table F-l. Total receiving, unloading, and transfer facility requirements 
for large volume rail shipments.
Size of shipment
15-car 50-car 100-car
Receiving facilities
Feet of track 1522 5075 8700
Number of additional switches 1 2 0
Switch engine 0 1 0
Acres of land 2 2 100
Unloading facilities
Undertrack hopper for bottom
discharge cars 1-car 1-car
Car shaker 1 1 1
Thaw shed 1-car 2-car 3-car
Conveyor facilities
Conveyor capacity
tons per hour 250 800 3300
Front end loader 1 1 o
Bulldozer 0 1 2
Stacker, reclaimer 0 1 1
Dust control system 0 0 i
Source: Industry engineers.
Table F-2. Estimated unit cost, installed cost, salvage value and annual cost
of receiving, unloading, and transfer facilities :for 15-car ralil
shipments of coal, in 1977 prices.
Service Total
Facility Unit Salvage life installed Annual
value in years cost cost
Receiving
frack $55/foot $10.60/foot 35 $ 83,738 $ 8,6831 Switch 10,000 4,000 35 10,000 1,037
Land 10,000/acre 10,000/acre — 20,000 2,000
Unloading
Car shaker 44,800 0 20 44,800 5,262
Thaw shed 130,000 0 20 130,000 15^ 270
Transfer to storage
30 inch conveyors $350/foot 0 20 77,000Rubber tire front
end loader 60,000 6,000 10 60,000Dust control
system 190,800 0 20 190,800 22,411
$616,338 $73,472
the receiving system in place at each coal user,
3. subtract the amount of each usable existing 
component from the total facility requirements, and
4. estimate the cost of the additional investment 
required to receive a specified size shipment of coal 
at each coal-using plant.
The total receiving, unloading, and transfer 
facility requirements by rail shipment size are iden­
tified in table F-l. The estimated unit costs, total 
cost, and annual cost for the 15-car, 50-car, and 
100-car shipments are presented in tables F-2, F-3, 
and F-4. The estimated unit costs were obtained 
from industry engineers. The estimated total costs 
were converted to annual costs by equation [11].
Table F-3. Estimated unit cost, installed cost, salvage valuer and annual cost of 
receiving, unloading, and transfer facilities for 50-car rail 
shipments of coal, in 1977 prices.
Service Total
Facility Unit Salvage life installed
requirements cost value in years cost
Receiving
Track $55/foot $10.60/foot 35 $279,125 $28,942
Switches 10,000 4,000 35 20,000 2,074
Switch engine 125,000 12,500 20 125,000 14,683Land 10,000/acre 10,000/acre -- 20,000 2,000
Unloading
Car shaker 44,800 0 20 44,800 5,262
Thaw shed 260,000 0 20 260,000 30,540
Transfer to storage
Conveyors with belt
scale 450/foot 0 20 144,000 16,914
Rubber tired front
end loader 60,000 6,000 10 60,000 9,765
Bulldozer with
large blade 125,000 12,500 10 125,000 20,344
Dust control
system 381,000 0 20 381,000 44.752
Total $1,458,925 $175,276
Table F-4. Estimated unit cost, installed cost. salvage 3^alue, and annual cost
ot receiving, unloading, and transfer faciliti«as for 100-car
shipments of coal, in 1977 prices.
Facility Unit Salvage
Service
life
Total
installed Annualrequirements cost value in years cost cost
Receiving
Track $100/foot $10.60/foot 35 $ 870,000 $ 90,210Land 10,000/acre 10,000/acre — 1,000,000 100,000
Unloading
Under track hopper 
enlargement 25,000 0 20 25,000 2,937Car shaker 44,800 0 20 44,800 5,262Thaw shed 390,000 0 20 390,000 45,809
Transfer to storage
• Conveyors 800/foot 0 20 1,280,000 150,348Bulldozers 125,000 12,500 10 250,000 40,688Stacker-reclaimer 2,580,000 0 20 2,580,000 303,047Dust control 
system 381,000 0 20 381,000 44,752
APPENDIX G: TH E  PROGRAMMING MODEL
A mathematical programming model is specified 
to evaluate the feasibility of mining and beneficiat- 
ing Iowa coal for use by Iowa utility and industrial 
coal users under alternative combinations of 
multiple-car rail rates and price levels of Iowa and 
Missouri coal. The objective of the analysis is to find 
the least costly method of supplying Iowa’s coal 
needs, subject to constraints on mining capacity, re­
ceiving capacity of users, beneficiation plant capaci­
ty, sulfur dioxide emission standards, and the pro­
jected 1980 consumption of coal.
The model uses continuous variables for the min­
ing, transportation, and beneficiation activities and 
zero-one integer variables for the construction of 
beneficiation plants and the expansion of rail receiv­
ing capacity at users. The model can be summarized 
as follows:
[25] Minimize Z =  2P1 M l -+• 2P2 M2_
i 1 1 i 1 1
+ 22 2 a;,mU .,m -I-i/>2222b V
j k m U ijkm
+ ty -1)222 2 c V .k
r  . j k m U *Jkm
+ h222 2 V... + 222 2 d , Vnkm
i j k m  'Jkni i j k m  Jkm 'Jkra
+ 2FC.Y.+ 2EC.X. 
i j j k k k
where
Z =  total cost of coal unloaded at user locations
P I, =  level-one price per unit of coal at origin i,
P2 , =  level-two price per unit of coal at origin i,
Ml, =  volume of coal supplied by origin i at price 
level one,
M2, =  volume of coal supplied by origin i at price 
level two,
aikm =  transportation plus variable receiving cost 
per unit of coal shipped from origin i directly to user k 
by mode m,
U, km =  volume shipped from origin i directly to 
user k by mode m,
ifj = inverse of the fractional weight recovery at 
beneficiation plants,
b,. =  transportation cost per unit of coal shipped 
from origin i to beneficiation plant site j,
V, k,„ =  volume of clean coal equivalent shipped 
from origin i through beneficiation plant site j to user 
k by mode m,
Cy =  transportation cost per unit of refuse and 
fines shipped from beneficiation plant site j to mine i,
h =  variable beneficiation cost per unit of clean 
coal,
d.km =  transportation plus variable receiving cost 
per unit of clean coal shipped from beneficiation plant 
site j to user k by mode m,
FCj =  annual fixed cost of establishing a 
beneficiation plant at site j,
Y =  (0, 1), a binary variable; if site j is used, 
Yj =  1, otherwise Y =  0,
ECk =  annual fixed cost of expanding the rail re­
ceiving capacity of user k to the next largest size,
Xk =  (0,1), a binary variable; if user k expands its 
rail receiving capacity, Xk =  1, otherwise X k =  0.
The following constraints were imposed on the 
model:
1. The volume of coal shipped from an origin at a 
given price level cannot exceed the supply capacity of 
that origin at that price level. Also, the aggregate 
volume supplied by an origin cannot exceed the total 
supply capacity of that origin.
[26] Mlj s£ Cl i
[27] M2, C2,
[28] | S U t o + ^ X V jta =  Ml, + M2, ^  MC,
where
C l, =  supply capacity of origin i at price level 1,
C2 =  supply capacity of origin i at price level 2,
MC, =  total supply capacity of origin i.
2. The volume of coal beneficiated at a beneficia­
tion plant site cannot exceed the beneficiation plant 
capacity.
[29] 2 2 2  V  ^  BCfor all j
l k m lJKm
where
BC =  beneficiation plant capacity in units of 
clean coal.
3. The projected consumption of coal at each user 
must be satisfied. This projected consumption was 
specified in heating units rather than tons to account 
for differences in the heating value of coals from dif­
ferent origins.
[301 2 2 ^,U,km+ ? 5 2 y,V,Jkra^ D k 
where
ft = heating value per unit of raw coal from 
origin i,
y — heating value per unit of clean coal from
origin l,
D =  exogenously determined consumption at 
user k.
4. Each user was required to meet an aggregate 
limit on sulfur dioxide emissions. Each user, however, 
could blend coal from two or more origins to meet its
sulfur dioxide emission standard.
[31] 22 <£ U + 222 0 V ^ Sk = 7rkDk
, m ,i. ikm  i i m ‘ ‘Jkni K k k
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where 4>, =  units of sulfur dioxide contained in 
one unit of raw coal from origin i,
6 = units of sulfur dioxide contained in one unit 
of clean coal from origin i,
S k = maximum allowable sulfur dioxide 
emissions at user k,
7rk = maximum allowable emission standard for
user k measured as units of sulfur dioxide per unit of 
heating value.
5. Additional nonnegativity and integer restric­
tions were:
[32] Ml ,M2 ,U . ,V... , s* 0;Y = OorY =  1;1 i ikni7 ijkm7 7 j j
and, Xk =  0 or Xk =  1.
Y
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